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FOREWORD 


As a logical sequel to review of the classification of Permian rocks® by a sub- 
committee on the Permian, the Association committee on geologic names and 
correlations at its March, 1940, meeting directed that a similar investigation and 
report be made of the classification of the Mississippian and Pennsylvanian. 
Geologists at that time were confronted with the choice of 

(1) classifying these rocks as the Carboniferous system in harmony with 
general practice outside the United States, 

(2) following the United States Geological Survey usage of classifying these 
rocks together with the Permian as the Carboniferous system (Permian was ex- 
cluded late in 1941), or 

(3) departing from these traditional customs in favor of the opinion of many 
geologists, particularly in the United States, that rocks of Mississippian and 


1 Manuscript received, November 17, 1944. 
2 President, Anzac Oil Corporation. 
3 Director, Oklahoma Geological Survey. 


‘ Division geologist, Gulf Refining Company, Indianapolis, Indiana; on leave, Lieutenant Colo- 
nel, United States Army. 


5 Professor of geology, University of Kansas, State geologist and director, State Geological Survey 
of Kansas; on leave, Major, United States Army. 


5 Professor of geology, The Johns Hopkins University; on leave, for geological work in Peru. 


7 Professor of geology, University of Wyoming, State geologist and director, Geological Survey 
of Wyoming. 


8 Petroleum geologist. 
°C. W. Tomlinson et al., Bull. Amer. Assoc. Petrol. Geol., Vol. 24 (1940), pp. 337-58. 
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Pennsylvanian age are more appropriately classified as two independent geologic 
systems and geologic periods, the term Carboniferous being either archaic or of 
use only where these rocks are not differentiated. 

This third choice has for many years been advocated by some geologists, as 
shown by correspondence from James Hall® to Charles Dana in 1855, and has now 
become the predominating practice in the United States among the State geologi- 
cal surveys, authors of text books on historical geology, and geologists of the oil 
and coal industries. The following report briefly reviews these diverse usages and 
the related problems, such as type sections, standard sections, section of reference, 
series designation and interregional correlations. 

A general premise under which efforts of the Carboniferous subcommittee 
have been carried forward is that large practical benefit should be derived from 
eventual agreement in 

(1) choosing names and boundaries of at least the major divisions of geologic 
time and the stratigraphic record, particularly the periods and systems, epochs 


and series; 
(2) designating type sections and type areas where such divisions were first 


established; 

(3) recognizing specially complete or otherwise important sections as supple- 
mentary regional sections of reference, with division names in accord with local 
usage but with boundaries coérdinated with the standard sections; and 

(4) establishing interregional correlations. 

Moore, Dott, and Thomas have given much study to these problems in carry- 
ing out their official duties as directors of the State geological surveys of Kansas, 
Oklahoma, and Wyoming, respectively. Moore, Newell, and Thomas have been 
engaged in teaching geology at the Universities of Kansas, Wisconsin, and Wy- 
oming. Cheney, Hake, and Tomlinson in their work as petroleum geologists, have 
for many years specialized in the study of Pennsylvanian and Mississippian rocks. 
The subcommittee has enlisted the help of many geologists and has given much 
attention to pertinent literature published in the United States and elsewhere. 
In both cases the list is too extensive to enumerate in full. The subcommittee is 
indebted to the following for assistance given through correspondence and attend- 
ance at meetings of the subcommittee. 


J. E. Adams L. G. Henbest Robert Roth 

G. H. Ashley R. V. Hollingsworth W. W. Rubey 

J. G. Bartram J. M. Jewett Gayle Scott 

J. L. Borden P. B. King H. L. Scott 

H. H. Bradfield H. A. Ley E. H. Sellards 

R. A. Brant H. S. McQueen J. W. Skinner 
Charles Butts W. C. Mendenhall : R. C. Spivey 

C. L. Cooper A. K. Miller L. W. Stephenson 
C. D. Cordry H. D. Miser M. L. Thompson 
I. H. Cram H. J. Morgan, Jr. M. E. Upson 

R. K. DeFord M. C. Oakes E. K. Waering 
C. O. Dunbar F. B. Plummer H. R. Wanless 
M. K. Elias C. B. Read J. M. Ware 

F. C. Greene J. B. Reeside, Jr J. M. Westheimer 
B. H. Harlton B. C. Renick M. P. White 


% John M. Clarke, Life of James Hall (1921). 
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This acknowledgment does not signify that the persons named give their 
endorsement to the following report, nor does the report itself necessarily express 
the fully considered opinion of all members of the subcommittee, three of whom 
for many months have devoted their attention to special assignments in the war 
effort, from Alaska to Peru. 


STRATIGRAPHIC PRINCIPLES 


The subcommittee has reviewed the conclusions of the Permian subcommittee 
as to principles of stratigraphic classification and endorses those bearing on defini- 
tion of a geologic system and its major divisions.!° 

Both subcommittees have held that to permit progress toward well ordered, 
soundly based differentiation of geologic time and rock sequences, objective facts 
must be given greater weight than usage and priority. Question as to the relative 
importance of these factors in determining stratigraphic nomenclature was sub- 
mitted late in 1941 to 28 State geological surveys, no comment as to judgments of 
the subcommittee being made. Answers to this inquiry are tabulated as follows. 


OPINIONS OF STATE GEOLOGICAL SURVEYS ON RELATIVE IMPORTANCE OF Factors AFFECTING 
STRATIGRAPHIC NOMENCLATURE 


Priority Usage Objective Facts 
Most important 4 6 13 
Next in importance 3 14 6 
Least important 16 3 4 
Part I 


CARBONIFEROUS SYSTEM VERSUS MISSISSIPPIAN AND PENNSYLVANIAN SYSTEMS 


The questionnaire just referred to was sent to State geological surveys most 
concerned with the Carboniferous rocks because of the presence of these rocks 
within their State boundaries. The State geological surveys necessarily give close 
attention to problems of classification, reflect prevailing geological thought within 
their particular areas, are reasonably flexible, and are responsive to current study 
of geologic data. Response to this questionnaire from the Surveys, accordingly, 
should fairly indicate the trend in usage in the United States. The following 
gives a chronological record of how these 28 State surveys have classified the 
Mississippian and Pennsylvanian rocks. 


CLASSIFICATION OF MISSISSIPPIAN AND PENNSYLVANIAN ROCKS BY STATE GEOLOGICAL SURVEYS 


Year As Series As Systems As “Subsystems” 
1908 26 2 ° 
1916 17 8 1 (Michigan) 
1924 15 13 ° 
1932 6 22 ° 
1940 7 21 ° 
1942 2 24 2 
1944 2* 25 1 (Nebraska) 


* Alabama and Nevada. The Alabama Survey follows classification used by Charles Butts in “Geology of Alabama” 
eg eng by the Alabama Survey in 1926, Special Report No. 12. In 1944 Charles Butts states that for a number of years 
e has favored adoption of Mississippian and Pennsylvanian systems. 


0 C. W. Tomlinson e¢ al., op. cit. 
, “Technique of Stratigraphic Nomenclature,” Bull. Amer. Assoc. Petrol. Geol., Vol. 24 


(1940), pp. 2038-46. 
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The results show a well sustained trend toward change from series to system 
as the assigned rank for Mississippian and Pennsylvanian rocks. The evidence for 
this change must have appeared convincing for changes of classification undoubt- 
edly cause considerable annoyance and inconvenience to such organizations with 
their publications and museum displays. It will be recalled that this innovation 
was first formally advocated by Chamberlin and Salisbury." Extensive studies, 
supported by paleontologic data marshaled by Professor Stuart Weller and others, 
persuaded Chamberlin and Salisbury that classification of these rocks as one 
system was inconsistent and illogical. A questionnaire sent out by the United 
States Geological Survey in 1915 disclosed that by then 33 specialists favored 
this change and 26 opposed it. Comparison with the foregoing figures indicates 
some reservation on the part of the State surveys as compared with opinion 
of individual geologists. Deference to international usage and greater need of 
fixed policy and conservatism may well explain the continued use of Carbonifer- 
ous system by the United States Geological Survey, many members of which are 
known to prefer classification of these rocks as two systems. 

Objective facts —The subcommittee unanimously agrees that the Mississippian 
and Pennsylvanian are each fully qualified to rank as a geologic system or period. 
Applied to North America this conclusion agrees with (1) the usage of most of the 
State geological surveys, (2) the opinion of most of the specialists in upper Paleo- 
zoic paleontology and stratigraphy, (3) most of the university and college teaching, 
and (4) most of the text books written since 1906. Reference is made to those text 
books on historical geology for more complete discussion of the physical evidence 
that has induced geologists in North America to depart from the earlier practice 
of classifying these rocks as the Carboniferous system. 

Acc\mulating evidence has given more and more support to the thesis that 
the Mississippian and Pennsylvanian divisions each equals or exceeds the average 
geologic system or period in the following respects: (1) distinctive organic devel- 
opments, including major advances in some life forms; (2) the rock sequences are 
distinctive in character and great in volume; (3) duration; (4) pronounced struc- 
tural adjustments occurred over large areas; (5) regional unconformities of major 
importance are present within and at the base and top of each of these systems; 
(6) areal extent of outcrop. 

Because of their great economic importance it is essential that the Pennsyl- 
vanian rocks, in particular, be given prominence and separate designation in geo- 
logic mapping. The coal, oil, gas, ceramic clays, and other minerals found in rocks 
of Pennsylvanian age greatly exceed the value of the mineral resources found in 
any other system. This appears true not only for North America but for the earth 
as a whole. 

Usage.—Recently more than half of the world literature on rocks of Missis- 
sippian and Pennsylvanian or Carboniferous age has treated these rocks as two 


11 T. C. Chamberlin and R. D. Salisbury, Geology, Vol. 2, Earth History (1906), p. 539. 
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systems. However, only a few authors residing outside the United States have 
adopted this practice. Lack of concurrence abroad may be due in part to a hesi- 
tancy to accept systems or systemic names originating outside Europe. Since 
systems are time-rock divisions to be fitted into one common time scale for all 
continents, the location of the type area of a system seems to be of little conse- 
quence once interregional correlations are established as they now seem to be for 
rocks of Mississippian and Pennsylvanian age between North America and vari- 
ous parts of the world. Uniform world-wide classification by periods and systems is 
desirable, and persistent study and effort will no doubt bring world agreement on 
the definition and names of these major divisions. Being designed for world-wide 
application, a system may properly take its name and have its type area in any 
continent where it first became well established. 

Priority—Concerted action toward dividing Carboniferous rocks into two 
systems has come mainly from North America. The names Mississippian and 
Pennsylvanian have long been applied to these two divisions which reveal es- 
pecially complete development in this continent. When formal proposal was made 
in 1906 that these divisions be elevated to systemic rank the name Mississippian 
had been in use 45 years (A. Winchell, 1861) and Pennsylvanian for 15 years 
(H. S. Williams, 1891). Now, for 83 and 53 years, respectively, these names have 
filled a need for suitable geographically derived terms to displace the earlier rock 
terms Lower Carboniferous or Carboniferous Limestone, and Upper Carbonifer- 
ous or Coal-measures, as well as the too inclusive name Carboniferous system. 

As a practical matter, both the Mississippian and Pennsylvanian rock se- 
quences are of such character and arrangement that systemic rank for each of 
these major divisions is needed to provide proper subordinate subdivisions of 
classification. It is, of course, customary and useful to give a formal name to 
each widely occurring, important rock unit. According to rules of stratigraphic. 
nomenclature such minor rock units are classified as members. More compre- 
hensive rock divisions, characterized by common features of lithology and fauna 
or flora, and constituting convenient divisions for mapping, are called formations. 
Two or more formations having generally similar lithologic characteristics or 
fossil content may be referred to collectively as a group. Formations and groups 
occurring between major faunal and diastrophic breaks are combined into a 
series, a provincial major time-rock division. Two or more related series con- 
stitute a system. Most geologists engaged in the study of Mississippian and Penn- 
sylvanian rocks of North America hold that proper classification of these rocks 
requires division into a total of not less than seven series. Many geologists, includ- 
ing a majority of those who were assigned the task of preparing this report, be- 
lieve that objective facts and usage support dividing the Mississippian rocks into 
four series and the Pennsylvanian rocks into six series; also that the Mississippian 
and Pennsylvanian divisions are so distinct and exhibit such important develop- 
ments geologically that they must necessarily be classified as two major chapters 
or periods of earth history. 
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The Mississippian rocks of North America present a remarkably complete 
record of paleontological and depositional developments of this period. The 
Pennsylvanian rocks of North America appear to be one of the most complete in 
the world for this division of geologic time. For these various reasons, the use of 
North American classification and North American names for these systems is 
especially fitting and proper. 

Brief review of the origin and modification in usage of the name Carboniferous 
appears appropriate. Initial use of this name is credited to the Reverend W. D. 
Conybeare and W. Phillips” in 1822. These authors used ‘‘Carboniferous” as an 
“epithet,”’ as they called it, for the third (or medial) of five “orders,” of which 
the oldest is now classified as pre-Cambrian, and the youngest as Tertiary and 
Quaternary. These five “orders” were differentiated mainly by their lithologic 
and structural relationships, the third being the Carboniferous rocks, comprising 
in downward order: 

a. Coal-measures 


b. Carboniferous limestone 
c. Old red sandstone. 


The rocks of the next older or ‘‘submedial order” are now known as the Cambrian, 
Ordovician and Silurian systems. In 1839 the Reverend A. Sedgwick and R. I. 
Murchison appropriately assigned the “Old Red sandstone” to the Devonian 
system. That divisions “a” and “‘b” were not then classified as separate systems 
now appears unfortunate and illogical. In most geological literature since 1822 
these divisions of the “‘medial order” have in fact been accorded distinctive and 
separate treatment comparable with the Devonian and Permian. For example, 
the well prepared Tabular View of Characteristic British Fossils, Stratigraphically 
Arranged, published in 1853 by the Society for Promoting Christian Knowledge 
(London), gave separate and equal chart space to the fossils of the (1) Permian, 
(2) Coal-measures, (3) Carboniferous or Mountain Limestone and Carboniferous 
Shale and (4) Devonian. Quite regrettably, European and American usage con- 
tinues to differ in the names and rank of the second and third of these four divi- 
sions. This subcommittee agrees with those who believe that ever widening studies 
support the logic of classifying these rocks as independent systems. Selection of 
appropriate geographically derived names for world usage is needed to replace 
Lower Carboniferous and Upper Carboniferous. Such names have been adopted 
and generally so used in North America for many years with nearly constant 
meaning, namely, the Mississippian system and Pennsylvanian system. In Europe 
a Lower Carboniferous with variable limitations has been called Dinantian; Mid- 
dle and Upper, or Upper Carboniferous have been variously named. 

Present usage in Europe evidently continues diverse. Those European geolo- 
gists who divide the Carboniferous into two series differ among themselves in 


12M. Grace Wilmarth, “Geologic Time Classification,” U. S. Geol. Survey Bull. 769 (1925), pp. 
65-68. 
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| CHART 1 


COMPARISON OF CLASSIFICATION AND CORRELATION OF ROCKS OF MISSISSIPPIAN AND 
PENNSYLVANIAN AGE OF NorTH AMERICA AND EUROPE 


| NortH AMERICA EUROPE 
Standard Standard H . Rotai et al. 
achian ‘ontine: U.S.S.R. 
Pennsylvania Region Region (1933) (i937) 
Divisions Divisions Series Stages Stages Stages 
Stephanian 
Monongahela | Monongahela Virgil 3 proper 
Conemaugh Conemaugh | Missouri 3 iy — 
2 D 
Alleghen Al i Bless 
& gheny llegheny Des Moines a} 21/83 
Al 
| E C 
Upper Kanawha Lampasas Westphalian 2 = 
z Mm a Westphalian 
=| a 
N Ri a 5 A » 
= ew Kiver 
Morrow 
&| Middle == 
a! 3 
4 
Springer 
Lower | Pocahontas | B Namurian 
(Lee) 
Namurian 
‘Type and Standard Section A | Namurian |g 
Chester Series % 
i=) Southern IIlinois 4/3 
a 3 2s 
Viséan 
2 n 2 Cle! 
Meramec Series 3 Viséan 
Eastern Missouri 3 
< 3 Q 
als 
= 
Osage Series 5 Tournaisian 
Osage River Valley, Missouri 8 
= 
3 
Kinderhook Series 
aS Pike County, Illinois 
_ Cuart I.—Type and standard sections of Mississippian and Pennsylvanian rocks of North America compared with 
divergent classification of eavivalent rocks in Europe. See Table 1 of guidebook ‘‘The Southern Excursion, Donetz Coal 
Basin” (1937), XVII International Geological Congress. Broken lines signify alternative location of boundaries. 
* Type localities are shown in Chart IT. 
placing the boundary between Lower and Upper Carboniferous at (1) base of 
Namurian, (2) within the Namurian, or (3) top of Namurian. Other European 
geologists divide the Carboniferous into three divisions or series as shown in 
Chart I. 
Early adoption of uniform classification of the Carboniferous rocks in Europe ‘ 
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appears most improbable. Contrasted to this, there is almost complete agreement 
among the geologists of the 28 State surveys and others in the United States that 
these rocks should be divided into two systems, separated by the very extensive 
unconformity between Chester or older Mississippian rocks and Pottsville or 
younger Pennsylvanian strata. That “the pre-Pennsylvanian unconformity is 
one of the most widespread unconformities in all the Paleozoic rocks of North 
America,”’ has long been recognized. Only in very limited areas are rocks of 
earliest Pottsville age found resting on rocks of latest Chester age. The extent 
of this unconformity in the United States has been clearly shown by Levorsen.” 

That the break between the Mississippian and Pennsylvanian is of world-wide 
significance also is indicated by the geologic record in other continents. Ting and 
Grabau® state that ‘‘the Carboniferous of China naturally falls into two divisions 
comparable with the Mississippian and Pennsylvanian of North America.” 
Plate 1 of their report shows an extensive overlap of older beds by Pennsylvanian 
equivalents. According to Lee"® the occurrence of Fusulinella and Fusulina is 
particularly widespread which further indicates conditions comparable with those 
of the Pennsylvanian of the United States. 

Studies in South America, Africa, and Australia show that the Mississippian 
and Pennsylvanian equivalents are separable there also and that the major divi- 
sions of these systems are recognizable much as in the Northern Hemisphere.'” 


Paleontologists generally agree in correlating the divisions of the North ° 


American and European Late Paleozoic sections. Based partly on their conclu- 
sions, it is evident that the unconformity so widely recognized in the United 
States between Mississippian and Pennsylvanian rocks is represented by impor- 
tant hiatuses elsewhere. In this connection, attention may be called to the pro- 
nounced floral changes between zones A and B of Dix,!* and the correlation be- 
tween steps in evolution of goniatites,!* and significant orogenic movements (Erz- 


13 G. H. Girty, “The Bend Formation and Its Correlation,” Bull. Amer. Assoc. Petrol. Geol., 
Vol. 3 (1919), P. 74. 

4 A. T. Levorsen, “Pennsylvanian Overlap in United States,” ibid., Vol. 15, No. 2 (1931), pp’ 
113-48. 

16 VY. K. Ting and A. W. Grabau, “Carboniferous of China and Its Bearing on the Classification of 
the Mississippian and Pennsylvanian,” Rept. XVI Internat. Geol. Cong., Vol. 1 (1936), pp. 555-71. 

J. S. Lee, The Geology of China, Thos. Murby & Co., London (1939). 


17 Charles B. Read, ‘‘Plantas Fosseis “ Neo-Paleozéico do Parandé et Santa Catarina,” Brasil 


Div. Geol. e Miner. Mon. 12 (1941). 102 p 
T. W. E. David and C. A. tlio 4 og “The Carboniferous and Permian Periods in Australia,” 


Rept. XVI Internat. Geol. Cong., Vol. 1 (1936), pp. 629-44. 
Alex. L. duToit, “The Division of the Late Paleozoic Formations of Gondwanaland,” ibid., 


PP. 645-55. 

18 Emily Dix, “The Succession of Fossil Plants in the South Wales Coal Field,” Cong. Av. Etud. 
Strat. Carb., 2d Heerlen, 1935, Compt. Rend., t. 1 (1937), Pp. 159-84. 

19 W. S. Bisat, “The Faunal Stratigraphy and Goniatite Phylogeny of the Carboniferous of 
Western Europe, with Notes on Connecting Links with North America,” 16th Internat. Geol. Cong. 
(1933), Vol. 1 (1936), pp. 529-37. 
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gebirgian) between lower and upper Namurian.”° An outstanding unconformity 
of the Carboniferous of the Moscow coal basin is shown by a nearly if not com- 
plete absence of Namurian equivalents.”! Muller and Schenck” have called atten- 
tion to classification in 1940 by Rauser-Cernoussova and others of the Carbonifer- 
ous of the U.S.S.R. into Lower, Middle, and Upper series. That an important 
hiatus exists in eastern Europe comparable with the widespread Mississippian- 
Pennsylvanian unconformity in North America is indicated by this study which 
shows that the Fusulinella zone is separated from Viséan rocks by only 54 meter 
thickness of so-called “transition” beds. In contrast to this, shales, sandstones, 
and limestones between the equivalent Lampasas and lower Chester rocks in 
southeastern Oklahoma attain a thickness as great as 15,000 feet. 

Widely differing classifications of the Carboniferous beds in Europe are il- 
lustrated in Table 1 of the guidebook for the Donetz coal basin excursion” as 
follows. 

1. The 1927 and 1935 Heerlen conference favored two main divisions, none 
of the Namurian being placed in the Lower Carboniferous. 

2. Zalessky and Tchirkova (1933) used two main divisions — a restricted 
lower Namurian included in the Lower Carboniferous. 

3. Rotai, Zalessky, and others, in their “Geology of the U.S.S.R.” (1937), 
divided the Carboniferous into three main divisions, all of the Namurian being 
included in the Lower Carboniferous. 

The foregoing indicates that as yet there is no well established European classi- 
fication of these rocks which geologists should seek to apply in other parts of the 
world. 

Comparison of classification of Mississippian and Pennsylvanian rocks of 
North America with these three European classifications is shown herein by 
Chart I. This classification for North America is to be interpreted as a general 
plan as favored by a majority of the subcommittee. It is based on their interpre- 


20 Raymond C. Moore, “Late Paleozoic Crustal Movements of Europe and North America,” 
Bull. Amer. Assoc. Petrol. Geol., Vol. 19 (1935) pp. 1253-1305. 

W. J. Jongmans and W. Gothan, “Contribution to a Comparison between the Carboniferous 
Floras of the United States and of Western Europe,” Cong. Av. Etud. Strat. Carb., 2d Heerlen, 1935, 
Compt. Rend., t. 1 (1937), pp. 363-415. 

Raymond Cs Moore, * ‘Comparison of the Carboniferous and Early Permian Rocks of North 
America and Europe,” ibid., 2 (1937), pp. 641-76. 

A. K. Miller, vStudies "of Carboniferous Ammonoids,” Jour. Paleon., Vol. 14, No. 4 (1940), 
Pp. 357- 

R. C. Moore eé¢ al., “Correlation of Pennsylvanian Formations of North America,” Bull. Geol. Soc. 
America, Vol. 55 (1944); PP- 657-706. 

21M. S. Shvetzov and V. S. Yablokov, “Excursion to the Moscow Coal Basin,” 17¢h Internat. 
Geol. Cong. (1937), Fig. 1 and pp. 16-17. 

22 Siemon Wm. Muller and Hubert G. Schenck, Review, “On Carboniferous Foraminifera of the 
Samara Bend,” by D. Rauser-Cernoussova et al., Bull. Amer. Assoc. Petrol. Geol., Vol. 25 (1941), 
PP- 1943-49. 

23 P. Stepanov et al., “The Southern Excursion, Donetz Coal Basin,” 17th Internat. Geol. Cong. 
(1937), Table I, pp. 20-21. 
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tation of geologic data and current usage, with due consideration to priority and 
utility. 

A wide variety of opinion has been expressed by geologists of the 28 State 
geological surveys and others as to what should be done with the term Carbon- 
iferous. Many recommend that this name be discarded entirely whereas others 
maintain that it might be retained as a useful general term where differentiation 
into Mississippian and Pennsylvanian has not been made or is uncertain. If this 
procedure is followed, quotation marks appear appropriate only when the expres- 
sion ‘‘Carboniferous system”’ is used. 

Few, if any, have followed Nalivkin’s** proposed compromise of restricting 
the name Carboniferous to the Coal-measures (or Pennsylvanian) and using 
Mississippian for the next older system throughout the world. However, it is 
important to note that because of the pronounced differences and widespread hi- 
atus between these systems, he pointed out the logic of dividing middle and upper 
Paleozoic rocks at the top of the Mississippian; the Devonian and Mississippian 
to be referred to as the age of fishes, the Pennsylvanian and Permian, the age of 
amphibians. 

The early expression “Carboniferous order” might be restored as an inclusive 
term for the Mississippian and Pennsylvanian systems, the term “order’’ being 
used as a super-system term which is not provided in present classification codes 
for reference to two related geologic systems. Such non-comittal expressions as 
Carboniferous rocks and Carboniferous age (without quotation marks) may be 
useful and sufficient until the terminology becomes more uniform and better es- 
tablished. 


CONCLUSIONS 


The foregoing considerations have led the subcommittee to the following con- 
clusions. 

1. Consistent and orderly treatment of geologic history requires that geologic 
time between the Devonian and Permian be divided into two independent geo- 
logic periods, the rocks related thereto being classified as two systems. 

2. Priority and predominating usage commend world-wide application of the 
names Mississippian and Pennsylvanian to these periods and systems. 

3. Division between Mississippian and Pennsylvanian at the Chester-Potts- 
ville boundary is well established in the United States. World-wide use of this 
boundary is favored by occurrence of an equivalent major unconformity and 
paleontologic break in many places in Europe and elsewhere. 

4. The Mississippian rocks of the upper Mississippi Valley and Pennsylvanian 
rocks of the near-by Mid-Continent region are particularly well qualified to serve 
as world standards of reference for the following reasons. 


28 TD. Nalivkin, “Major Divisions of the Paleozoic of the Union of Soviet Socialist Republics,” 
Rept. XVI Internat. Geol. Cong., Vol. 1 (1936), pp. 573-83. 
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a. The stratigraphic sequence is relatively complete, accessible, well exposed 
and suitable for differentiation. 

b. Both marine and continental deposits are present, with fossiliferous marine 
rocks predominating. 

c. Recurrent periods of deformation are well recorded. 

d. Intensive studies of the area at the surface and in the subsurface, have 
amassed a great fund of geologic data on the basis of which correlations are be- 
coming well established, and classification and usage more and more uniform. It 
is, of course, clearly understood that establishment of standard sections or of a 
section of reference is not to be attained by fiat but may come about only by 
actual use. 


Part II 
MAIN DIVvISIONS OF MISSISSIPPIAN 
CLASSIFICATION 


At the present time there is fairly complete agreement among geologists in the 
United States as to the main subdivisions of the Mississippian system. A detailed 
classification and correlation chart with discussion will be published in due time 
by the Mississippian subcommittee of the Committee on Stratigraphy of the 
National Research Council. For present purposes, reference is made to review and 
correlation chart of Mississippian rocks by Dott. 

The type and standard sections of the Mississippian system and series are in 
the upper Mississippi Valley region. Recent usage has favored classifying the 
Mississippian rocks as follows. 

Upper Mississippian Chester series 


Meramec series 


Middle Mississippian Osage series 


Lower Mississippian Kinderhook series 


In certain reports the Kinderhook and Osage groups have been classified as 
Lower Mississippian or as the Waverlyan ‘‘system”’ or series; and the Meramec 
and Chester as the Upper Mississippian or the Tennesseean. The name Valmeyer 
series has been used to include the Osage and Meramec groups. Some geologists 
prefer classifying the Kinderhook, Osage and Meramec groups as divisions of the 
Iowa series. The origin and use of these various names are discussed in the “Lexi- 
con of Geologic Names of the United States.” 

Certain problems regarding the placement of systemic and series boundaries 
remain unsettled, especially where thick clastics occupy positions at or near these 
boundaries. It is possible that some lower part of the Stanley, Tesnus, and Park- 
wood may be finally assigned to the Mississippian and some upper beds now in- 


*4 Robt. H. Dott, ‘Regional Stratigraphy of Mid-Continent,” Bull. Amer. Assoc. Petrol. Geol., 
Vol. 25 (1941), pp. 1646-60. 


2 M. Grace Wilmarth, U.S. Geol. Survey Bull. 898 (1939). 
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cluded in the Mauch Chunk may be assigned eventually to the Pennsylvanian. 
From limited microfaunal studies, Cooper* is inclined to believe that the upper 
1,000 feet approximately of strata now called Mauch Chunk are of earliest Penn- 
sylvanian age and that the underlying 2,000 feet are post-Kincaid (uppermost 
Chester formation of Illinois) but assignable to the Mississippian. Due to the short 
time interval indicated by minor faunal and floral advances, it appears likely that 
these rapidly deposited localized Mauch Chunk sediments may be included 
satisfactorily in the Pocahontas or in the Chester series, or both. 


STRATIGRAPHY, PALEONTOLOGY, AND CORRELATIONS 


Detailed descriptions and faunal lists of Mississippian rocks have been pub- 
lished recently by Laudon and Bowsher,”’ Lee,”* Stockdale,” and Weller and Sut- 
ton;° and numerous shorter papers have given detailed reviews of stratigraphy 
and structure. 

On the basis of paleontological evidence it is generally agreed that the lower 
Namurian of Europe is approximately equivalent to the upper Chester of North 
America; the upper Namurian being correlative with lower and lower-middle 
Pottsville, that is, Pocahontas-Springer and lower Morrow. Placement of the 
division between the Mississippian and Pennsylvanian periods at the close of 
Chester time appears too well supported by usage in North America to attempt 
revision to a position equivalent to either the upper or lower Namurian boundary. 
Hope for reconciliation of diverse usage appears to lie in retention of the Chester- 
Pottsville boundary and its approximate equivalent within the Namurian ‘of 
Europe for a systemic partition. That it is already being so used by some Euro- 
pean geologists is shown in Chart I. It is recognized that in parts of Europe the 
Sudetan orogeny between the Viséan and Namurian stages is of such importance 
that geologists in Europe will doubtless wish to continue using this hiatus as a 
stage or series boundary closely comparable with the Meramec-Chester boundary 
in North America.*! 


TECHNIQUE OF STRATIGRAPHIC NOMENCLATURE APPLIED TO MISSISSIPPIAN 
In subdividing systems, some geologists favor using Upper, Middle and Lower 


26 Chalmer L. Cooper, personal communication, July 28, 1943. 

27 T,, R. Laudon and A. L. Bowsher, “Mississippian Formations of Sacramento Mountains, New 
Mexico,” Bull. Amer. Assoc. Petrol. Geol., Vol. 25 (1941), pp. 2107-60. 

28 Wallace Lee, “Subsurface Mississippian Rocks of Kansas,” Kansas Geol. Survey Bull. 33 
(1940). 114 pp. 

29 Paris B. Stockdale, ‘Lower Mississippian Rocks of the East-Central Interior,” Geol. Soc. Amer- 
ica Spec. Paper 22 (1939). 248 pp. F 

30 J. Marvin Weller and A. H. Sutton, “Mississippian Border of Eastern Interior Basin,” Bull. 
Amer. Assoc. Petrol. Geol., Vol. 24 (1940), pp. 765-858. 

31 A. K. Miller and W. M. Furnish, “Studies of Carboniferous Ammonoids,” Jour. Paleon., Vol. 
14 (1940), PP. 356-77. 
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divisions, each with series rank. If this is applied to the Mississippian system, the 
Osage, and Meramec should be assigned the rank of groups or stages. In either 
case the four divisions are meant to serve as time-stratigraphic units, which in 
in their complete development include the entire Mississippian system. Correl- 
tive rocks outside the type areas may be referred to as Kinderhookian, Osagian, 
Meramekian or Chesterian, although this subcommittee is not unanimous in the 
opinion that the suffix “ian” is an essential or a desirable elaboration of a stand- 
ard series or stage name. 

Published discussions” show wide differences of opinion regarding the use of 
the terms series and stage and the need of suffixes such as “‘ic”’ and “ian.” In no 
part of the world do geologists hold rigidly to division of all systems into Upper, 
Middle, and Lower series. More flexibility and directness are achieved by dividing 
systems according to their inherent characteristics into two or more series bearing 
appropriate geographically derived names, applying the adjectives lower, middle, 
and upper to the systemic name with more or less definite meaning but as general 
terms. Use of such expressions as ‘‘of Chester age” or “during Chester time,” 
for example, has more certain meaning and eliminates the need of suffixes. 
Thus, as indicated by the report of a committee representing four American geo- 
logical organizations,® simplification (and perhaps other reasons) has in the past 
led toward disuse in the United States of the term “stage” (except as a time term 
for major subdivisions of the Pleistocene epoch) and of suffixes appended to series 
and epoch names, seemingly without sacrifice of precision or clarity. Signs of 
reversion of these trends are now apparent. In many areas groups and formations 
of Mississippian and Pennsylvanian rocks can be and are used with strict time- 
stratigraphic limitations. 


CONCLUSIONS REGARDING MISSISSIPPIAN 


1. Objective facts, usage, and priority support classification of the Missis- 
sippian rocks as a system. 

2. The type and standard sections of the Mississippian system are located in 
the Mississippi River Valley. 

3. The Mississippian standard section is logically divided into the Kinder- 
hook, Osage, Meramec, and Chester series; the Kinderhook being referred to as 
the Lower, Osage and Meramec as the Middle, and the Chester as the Upper Mis- 
sissippian divisions. 


32 G. H. Ashley et al., “Classification and Nomenclature of Rock Units,” Bull. Amer. Assoc. Petrol. 
Geol., Vol. 17 (1933), pp. 843-63. Reprinted, Vol. 23 (1939), pp. 1068-88. 

C. W. Tomlinson, op. cit., pp. 2038-46. 

H. G. Schenck ef al., ‘Stratigraphic Nomenclature,” Bull. Amer. Assoc. Petrol. Geol., Vol. 25 


(1941), pp. 2195-2211. 
H. G. Schenck and Siemon Muller, “Stratigraphic Terminology,” Bull. Geol. Soc. America, Vol. 


52 (1941), pp. 1419-26. 
33 G, H, Ashley et al., op. cit. 
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Part III 
MAIN DIVISIONS OF PENNSYLVANIAN 


CLASSIFICATION 


As heretofore shown, geologists of the United States are in nearly complete 
agreement regarding the systemic rank and the position of limiting boundaries of 
the Pennsylvanian rocks. Some differences of opinion and usage remain as to 
certain details of the boundaries, names and correlation of the principal subdivi- 
sions. Undoubtedly, the stratigraphic record reveals a far more complex geologic 
history during Pennsylvanian time than during most geologic periods. The com- 
posite section of Pennsylvanian rocks in Oklahoma has a total thickness in excess 
of 36,000 feet, reveals at least six distinct episodes of diastrophism, and includes 
records of numerous invasions and retreats of the sea. 

In North America during Pennsylvanian time several extensive geosynclines 
were formed more or less progressively, independently, and apparently with less 
lack of synchronism than might be suspected. An endless variety of conditions 
developed successively within these basins, controlling the environment and char- 
acter of deposit horizontally and vertically. Problems of classification.and correla- 
tion arise not only asa result of differences of organic evolution, ecology and char- 
acter of sediments, but also from the limited stratigraphic record now available 
for analysis. Added difficulties have arisen from fortuitous causes, such as time 
and place of pioneer geological investigations which required prompt differentia- 
tion and naming of rock units for each new region. 

Provincial names for the main stratigraphic subdivisions of large more or less 
isolated regions connote certain individuality of stratigraphy as well as geographic 
location. Such names, ingrained and developed by many years of usage, can not 
be readily displaced. Because of the distinctive character of the rocks of each of 
these large areas, many of these names may continue to serve advantageously. 
However, the usefulness of such subdivisions, bearing provincial names, can be 
very materially increased and relationships with other regions more definitely 
and readily established if the partition of the rock column is rearranged on a time- 
stratigraphic basis, thereby replacing classification by groups, based on prevailing 
lithology as observed in preliminary investigation, with classification by series 
based on pronounced faunal, structural and lithologic changes. At best, many dif- 
ficulties are encountered in determining regional and interbasin equivalences, 
particularly in areas of limited outcropping, incomplete rock sequences or 
changing facies. Thus the establishment of standard sections and sections of refer- 
ence with time-stratigraphic divisions appears highly advantageous, especially 
to petroleum geologists who must decipher from limited evidence the geologic 
features and relationships over large areas. 

Initial recognition of systems and series is most likely to occur in areas where 
the stratigraphic column is incomplete and hiatuses are pronounced. As measured 
in their type localities the Pottsville, Allegheny, Conemaugh and Monongahela 
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subdivisions have a total thickness of approximately 3,000 feet or about one-third 
the composite maximum thickness of the Pennsylvanian system in the Appala- 
chian region, one-twelfth that in Oklahoma. 

Expanding studies in the Appalachian region long ago led to the custom of 
dividing ‘the Pottsville into lower, middle, and upper divisions. David White 
reported that equivalent paleobotanic divisions are recognizable ‘“‘stage by stage” 
in many other areas, including some as far away as the basin of Heraclea in Asia 
Minor.* These divisions evidently have time-stratigraphic significance, and 
may properly be classified as three geologic series because of their individuality 
and extensive development in geosynclinal areas where each division attains a 
thickness ranging from 3,000 to 10,000 feet. 

The post-Pottsville Pennsylvanian beds of western Pennsylvania have also 
been divided into three divisions, with boundaries selected largely on the basis of 
lithologic character and abundance or lack of workable coal. Moderate revision 
of certain boundaries would qualify these lithologic groups as time-rock units 
(series), having increased usefulness in interregional studies and more accuracy in 
local interpretations. Needed readjustments of boundaries for this purpose are 
shown in the “progress report” of the Pennsylvanian subcommittee of the Na- 
tional Research Council which gives an excellent and comprehensive summary of 
stratigraphic and paleontologic data on the Pennsylvanian rocks of North 
America.* Collaboration of many specialists was obtained in preparing this report 
and the correlation chart (No. 6 of the National Research Council series) which 
lists the important members, formations, and groups for 82 areas across North 
America.In this report the Pennsylvanian rocks of the Appalachian region are 
divided into the Lee, Kanawha, Allegheny, Conemaugh, and Monongahela 
series; and those of the Mid-Continent region into the Morrow, Lampasas, Des 
Moines, Missouri, and Virgil series. Floral and faunal zones are designated and 
correlations with European equivalents indicated. A diagrammatic cross section 
from West Virginia to Oklahoma shows the position of nine faunal subzones as 
well as the prevailing lithologic character and local names of many of the impor- 
tant stratigraphic units. 

Differences of classification between the reports of the subcommittees of the 
National Research Council and the Association are relatively few in number. 
Discussion of these differences should serve to focus attention on certain unsettled 
problems and thereby hasten progress in their solution. The classification adopted 
for the present report differs from that of the National Research Council sub- 
committee chiefly as to the points here listed. 

1. The time-honored custom is followed herein of dividing the Pottsville into 
three divisions. These are most commonly referred to as the Pocohontas, New 
River, and Kanawha in the Applachian region and Springer, Morrow, and Lam- 


34 David White, “The Upper Paleozoic Floras, Their Succession and Range,” Outlines of Geologic 
History, Univ. Chicago Press (1912), p. 147. 


%® R. C. Moore et al., “Correlation of Pennsylvanian Formations of North America, ” Bull. Geol. 
Soc. America, Vol. 55 (1944), pp. 657-706. 
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pasas in the Mid-Continent region. (Pronunciation: Ka-na’-wha, Lam-pas’-as.) 

2. The widely recognizable boundaries between the Morrow-Lampasas and 
Des Moines-Missouri series are emphasized as the logical partitions between 
Lower, Middle and Upper Pennsylvanian. Fossils of the Lower Pennsylvanian 
show affinities with the Mississippian and those of the Upper with the Permian. 
The other boundaries, between Springer-Morrow, Lampasas-Des Moines, and 
Missouri-Virgil series, seem to be somewhat less pronounced paleontologically. 

3. The question of restricting the upper boundary of the Kanawha and Lam- 
pasas series to the top of the Fusulinella (pre-Fusulina) zone, or using some hizher 
boundary, was reviewed in hope of accelerating agreement on this problem of 
both the Appalachian and Mid-Continent regions. Opposing factors seem to be 
nearly of equal weight. This subcommittee has not had opportunity for adequate 
discussion and adoption of a recommendation. Presumably, settlement of this 
question should not be based exclusively on the physical conditions, usage, and 
priority of the type Pennsylvanian section. General agreement will require con- 
sideration of similar data from other major geologic provinces. 

4. The inherent fitness of the Pennsylvanian rocks of the Mid-Continent re- 
gion to serve as a standard section of the Pennsylvanian system is stressed. Like- 
wise, the sections of the Ardmore basin and near-by areas are recognized as particu- 
larly suited to fulfill the need of a relatively complete section of reference. The 
Pennsylvanian of the Mid-Continent region offers definite advantages over other 
well known sections in North America because of greater content of fossiliferous 
marine deposits, more distinct record of several episodes of diastrophic activity, 
and more complete geologic section. This region is centrally located and will con- 
tinue to receive intensive study of the petrology and macro-fossils and micro- 
fossils, both in the well exposed surface sections and in the subsurface of the very 
large oil-producing area extending from Nebraska to Texas. (The cross section 
added to Chart No. 6 of the National Research Council report was not designed 
to show the complete Mid-Continent section.) 

Chart II shows a generalized plan of classification of the Pennsylvanian rocks 
of North America. Standard sections of the Appalachian and Mid-Continent re- 
gions are divided into six divisions and compared with the type section of the 
system in Pennsylvania. The Ardmore basin section, supplemented by the Virgil 
series of eastern Kansas, is suggested as an excellent section of reference. This pro- 
posed use of the Ardmore basin Pennsylvanian rocks as a section of reference for 
the lower five series appears highly advantageous because of the presence of a 
relatively complete, continuous section some 20,000 feet thick in an area a few 
miles wide. Furthermore, the Ardmore basin section consists in large measure of 
fossiliferous marine deposits, well exposed and clearly recording several distinct 
intervals of diastrophic activity. The section of Springer to Hoxbar rocks located 
a few miles south of Ardmore in the area now set aside as the Lake Murray State 
Park is selected as the site of this section of reference. (Year-round cabin and park 
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service are available.) Intensive geological study of the exposed and buried Penn- 
sylvanian rocks of this region is certain to continue. 


CONCLUSION REGARDING PENNSYLVANIAN 


1. Pennsylvanian rocks are more appropriately classified as a system rather 
than a sub-system or series of the Carboniferous system. 

2. The type section in Pennsylvania, supplemented by co-standard sections 
of the Appalachian and Mid-Continent regions and an especially complete sec- 
tion of reference in the Ardmore basin, presents an unusually complete record of 
the faunal, structural, and depositional developments which took place during 
the Pennsylvanian period, and may well serve as a world standard for this ex- 
ceptionally important chapter of geologic time. 

3. The Pennsylvanian system may logically be subdivided into six divisions: 
the Pocahontas, New River, Kanawha, Allegheny, Conemaugh, and Monon- 
gahela of the standard Appalachian section, and the Springer, Morrow, Lam- 
pasas, Des Moines, Missouri, and Virgil series of the standard Mid-Continent 
section. Faunal and structural criteria may be used to establish equivalent series 
in other geologic provinces, thereby gaining the advantage of time-stratigraphic 
divisions useful for interregional correlations. 

4. Faunal and structural relationships favor grouping of the lower two, 
middle two, and upper two series in referring to Lower, Middle, and Upper di- 
visions of the Pennsylvanian system. 


Discussion: MAIN DIvISIONS OF PENNSYLVANIAN SYSTEM 
M. G. CHENEY 
INTRODUCTION 


The Association subcommittee on classification of Carboniferous rocks of 
North America has devoted considerable attention and correspondence to the 
difficult problems of classification and correlation of major divisions of the Penn- 
sylvanian system. Conditions during recent years have prevented the holding of 
conferences which might have led to the adoption of subcommittee recommenda- 
tions. The following discussion reviews some of the literature and presents certain 
views now held by one or more members of the subcommittee. The chairman of 
the subcommittee assumes the responsibility for authorship of this discussion and 
acknowledges much help from fellow members and others listed in the subcom- 
mittee report. Footnote citations are numbered to follow those in the preceding 
report, which concluded the work of the subcommittee. It is hoped that this 
added discussion will stimulate interest in the problems which remain unsettled; 
also, that it will contribute something toward the solution thereof. 


LOWER POTTSVILLE: POCAHONTAS SERIES—SPRINGER SERIES 


For the past 40 years the lower Pottsville division has been called the Poca- 
hontas formation or group over a large part of the Appalachian region, also called 
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Lee et cetera in other parts. For 22 years the name Springer has been applied to the 
approximate equivalent in the Mid-Continent. This lowest Pennsylvanian epoch 
is characterized by Neuropteris pocahontas and has recently been designated the 
Pottsville A zone by Ashley.** A distinctive microfaunal assemblage including 
Haplophragmoides sp.*" is recognized in the Springer series of the Ardmore basin 
and Ouachita region.** Revision of Goldston’s*® Springer ‘‘member”’ to include all 
Pennsylvanian beds below the base of the Primrose sandstone, and for elevating 
the Springer division to the rank of series will be recommended in a forthcoming 
paper by Robert H. Dott. As revised, the Springer series is about 4,000 feet thick 
in its type area north of Ardmore. About 2,000 feet of dark shales below the Rod 
Club sandstone are now included in the Springer series. These lower Springer 
shales, heretofore called the ‘““Pennsylvanian Caney,” have been given the name 
of Goddard shale formation.*° 

The regional correlatives of this lowest Pennsylvanian series are shown in 
Chart No. 6 of the National Research Council series already referred to.*! This di- 
vision should be useful for inter-continental correlations in that it is closely 
equivalent to the upper Namurian Pecopteris aspera zone of the South Wales 
coal fields, above a marked floral break recognized by Dix and others.” 

The name Springer is used in preference to Harlton’s** Pushmataha for this 
lowest Pennsylvanian series partly because of priority and usage, but chiefly to 
avoid placing the type locality of this series in a less accessible area where strat- 
igraphic relationships are uncertain due to exceedingly complex overthrust faul- 
ing and folding. 

According to later work by Harlton and others,“ his very useful correlation 
chart* and earlier correlations between the Ardmore and Ouachita areas require 
certain revisions, as follows: ‘the top of Morrow is base of Bostwick, top of 


36 R. C. Moore et al., op. cit. (1944), p. 682. 

37 H. H. Bradfield, “Pennsylvanian Ostracoda of the Ardmore Basin, Oklahoma,” Bull. Amer. 
Paleon., Vol. 22, No. 73 (1935), pp. 10-11. 

38 Bruce H. Harlton, “Stratigraphy of the Bendian of the Oklahoma Salient of the Ouachita 
Mountains,” Bull. Amer. Assoc. Petrol. Geol., Vol. 22 (1938), pp. 870-89. 

39 W. L. Goldston, Jr., “Differentiation and Structure of the Glenn Formation,” ibid., Vol. 6 
(1922), pp. 5-23. 

40 Jerome M. Westheimer (personal communication) has proposed the name of Goddard shale 
formation to replace the term “Pennsylvanian Caney.” The type locality is along Oil Creek, Secs. 19 
and 20, T. 3 S., R. 4 E., on the Goddard ranch about 7 miles east of Gene Autry (Berwin on older 
maps), Oklahoma. The Goddard shale formation consists of uniform dark shales with some thin con- 
cretionary layers between the top of the Mississippian rocks (commonly the Caney shale of Meramec 
age according to Ulrich [Oklahoma Geol. Survey Bull. 45 (1927), p. 25]) and the base of the Rod Club 
sandstone. In its type area the Goddard shale attains a thickness of at least 2,000 feet. 

41 R. C. Moore al., op. cit. (1944). 

4 FE. Dix, op. cit., p. 161. 

48 Bruce H. Harlton, op. cit. (1938). 


44 Personal communication, June 29, 1943: Bruce H. Harlton, R. V. Hollingsworth, and Jerome 
M. Westheimer. 


4 Bruce H. Harlton, op. cit., p. 854. 
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Wapanucka and top of Bloyd”’; and the upper part of the Hale sandstone of 
northwestern Arkansas is to be correlated with the Primrose sandstone (basal 
Morrow), the lower Hale with the upper Springer series. The Springer series in the 
Ouachita basin of southeastern Oklahoma and west-central Arkansas attains a 
thickness estimated as great as 15,000 feet, on the assumption that the clastic Hot 
Springs sandstone, Stanley shale, and Jackfork sandstone are all of post-Chester 
age, and properly assigned to the Pennsylvanian.** White*’ quotes other paleon- 
tologists as agreeing with him in the correlation of these beds with lower Potts- 
ville. 

The vast amount of clastic material which makes up the rocks of Springer age 
in the Ardmore basin and Ouachita trough evidently came, in large part, from a 
broad borderland region on the southeast, called Llanoria by Miser,** and to a 
lesser degree from interior positive areas of the present North American continent, 
including such features as the Ozark dome, Hunton and Nemaha axes, and Cen- 
tral Kansas uplift. Formation of the deep Ouachita trough or tectogene*® followed 
relatively stabilized conditions during which widespread marine deposits were 
formed elsewhere in Chester time and in turn preceded conditions under which 
broad epeiric seas left their record of fossiliferous calcareous deposits of Morrow 
age. The Criner Hills orogeny probably began near the close of Springer time and 
became sufficiently pronounced by medial Morrow time that extensive conglom- 
erates compésed of pre-Springer rocks from this area were being deposited in the 
Ardmore basin.*° This is doubtless a part of an extensive orogeny which van der 
Gracht* called the Wichita orogeny. Likewise, in the Ouachita region the Stapp 
conglomerate and other features led Harlton to conclude that ‘The opening 
stage of the Morrow deserves high rank in the classification of orogenic move- 
ments.’”” The Tesnus trough of southwestern Texas and Appalachian trough of 
the eastern United States appear to have had a much similar diastrophic and 
depositional history before, during, and at the close of early Pottsville time. 


MIDDLE POTTSVILLE: NEW RIVER SERIES-MORROW SERIES 


The middle Pottsville has generally been referred to as the New River forma- 
tion or group in much of the Appalachian region. It includes the Mariopteris potts- 


46 Hugh D. Miser, “Carboniferous Rocks of Ouachita Mountains,” Bull. Amer. Assoc. Petrol, 
Geol., Vol. 18 (1934), PP. 971-1099. 

47 David White, “Age of Jackfork and Stanley formations of Ouachita Geosyncline, Arkansas 
and Oklahoma, as Indicated by Plants,” zbid., Vol. 18 (1934), pp. 1010-17. 

48 H. D. Miser, “Llanoria, the Paleozoic Land Area in Louisiana and Eastern Texas,” Amer. Jour. 
Sci., 5th Ser., Vol. 2 (1921), pp. 61-89. 

49 H. H. Hess, “Gravity Anomalies and Island Arc Structure with Particular Reference to the 
West Indies,” Proc. Amer. Philos. Soc., Vol. 79 (1938), pp. 71-96. 

O. D. von Engeln, Geomorphology, The Macmillan Company, New York (1942), pp. 44-45. 

50 C, W. Tomlinson, ‘“The Pennsylvanian System in the Ardmore Basin,” Oklahoma Geol. Survey 
Bull. 46 (1929), Pl. XVII, sec. AA, and pp. 20-24. 

51W. A. J. M. van Waterschoot van der Gracht, “‘Permo-Carboniferous Orogeny in South- 
Central United States,” Bull. Amer. Assoc. Petrol. Geol., Vol. 15, No. 9 (1931), Table 1, p. 1002. 


52 Bruce H. Harlton, op. cit. (1938), p. 861. 
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villea zone (Pottsville B of Ashley and Neuropteris schlehani of Europe) in the 
lower part, Mariopteris pygmaea zone (Ashley’s Pottsville C and Neuropteris 
heterophylla of Europe) in the upper part. Some restriction of lower and upper 
boundaries seems necessary if this division is to serve as a series rather than a 
group. According to Chart No. 6 of the National Research Council report® 
this division should preferably extend from the base of the Lower Raleigh sand- 
stone to the base of the Upper Nuttall sandstone of the southern West Virginia 
section. The correlative Sharon conglomerate, Olean conglomerate, Rockcastle 
conglomerate, Lower Caseyville conglomerate, and lower conglomerate of the 
Lookout formation seem to mark the natural lower boundary of this series in 
other parts of the Appalachian region. Likewise, the base of the Lower Conno- 
quenessing sandstone, Corbin conglomerate, Upper Caseyville conglomerate, 
and the base of Upper Nuttall sandstone are interpreted as marking an uncon- 
formity that may serve well as the boundary between the New River and suc- 
ceeding Kanawha series. In some reports this middle Pottsville division has been 
called the Sewell group. 

A majority of the Association subcommittee favor restriction of the term 
Morrow series of the Mid-Continent section to rocks of middle Pottsville age. 
These rocks attain a thickness of at least 2,500 feet in the Ardmore basin section 
of reference. In this section the lower boundary is placed at the base of the Prim- 
rose sand and the upper boundary at the base of the Bostwick conglomerate. 
The intervening beds are notably distinct from the Springer series in lithologic 
character, flora, and microfauna. The Morrow beds are more calcareous and 
fossiliferous, and include coarse conglomerates. This increase in calcareous and 
coarse clastic content is perhaps partly explained by initial uplift and consequent 
erosional attack upon earlier Paleozoic limestones in the Criner Hills and larger 
upfolded areas of the Wichita orogeny to the south and west. Also, Harlton®** has 
concluded that major diastrophic changes were taking place near the close of 
Springer time in the Ouachita region, where fault blocks and sharp folding seem- 
ingly produced a rugged topography, subject to wave undercutting and land 
slips. Subsequent disturbances near the close of Morrow time are also postulated 
by this author from the character of the Round Prairie (Johns Valley shale) for- 
mation which shows much reworking of material derived from the Stapp con- 
glomerate. Still later folding and thrusting have further complicated the geology 
of this area. Due to their great size, the boulders of this region, like those in the 
Haymond beds of Lampasas age in southwestern Texas, have been the subject of 
much discussion.” 

53 R. C. Moore ef al., op. cit. (1944). 


54H. H. Bradfield, op. cit. 
Bruce H. Harlton, of. cit. (1938). 


%-%6 Bruce H. Harlton, op. cit. (1938), pp. 893-900 and Fig. 5. 


57H. D. Miser, “Carboniferous Rocks of the Ouachita Mountains,” Bull. Amer. Assoc. Petrol. 
Geol., Vol. 18 (1934), pp. 971-1099. 

Philip B. King, “Geology of the Marathon Region, Texas,” U.S. Survey Prof. Paper 187 (1937), 
pp. 66-68, Pl. 10. 


| 
| 
| 
| 
i 
| 
i} 

? 


M. G. CHENEY ET AL. 


146 


During this Early Pennsylvanian time, periodic movements doubtless ac- 
centuated the positive elements of the interior continental area. These features 
include the Hunton and Ozark arches, Nemaha axis, Central Kansas uplift, 
Ancestral Rockies, and Concho arch. 

Over large parts of North America the lower and middle Pottsville beds are 
absent but to what extent this is due to lack of deposition or to truncation as a 
result of diastrophism contemporaneous with the disturbances noted in Oklahoma 
near the close of Springer, Morrow, and Lampasas time remains uncertain in 
many areas. Evidence of unconformity between Morrow and Atoka (lower 
Lampasas) is very widespread and pronounced in eastern Oklahoma. In the 
Appalachian region, there is much additional paleontologic and structural evi- 
dence favoring establishment of the middle Pottsville as a separate series, quite 
as distinct and important as some of the well recognized later series of this sys- 
tem. 

ALLEGHENY: ALLEGHENY SERIES-DES MOINES SERIES 
UPPER POTTSVILLE: KANAWHA SERIES-LAMPASAS SERIES 

These two divisions are grouped as of Medial Pennsylvanian age because 
of the widespread unconformities and pronounced paleontologic changes below 
and above their combined section. Mississippian affinities largely disappeared by 
the end of Morrow time; Permian relationships are much less evident than in the 
Later Pennsylvanian. 

The Kanawha or Lampasas series of some areas include both the West- 
phalian B and C stages of the European classification but in other areas they 
have been limited to Westphalian B or the zones of Cannophyllites and Neuropteris 
tenuifolia of the Appalachian area. These zones are correlated with the European 
Lonchopteris and Neuropteris tenuifolia floral zones; E and F of Dix, in South 
Wales and England. The succeeding Westphalian C stage (zone G of Dix) is 
characterized by Neuropteris rarinervis, both in Europe and North America. It 
is closely equivalent to the Clarion group of the Appalachian area. Most or all 
beds of Clarion age have been assigned to the upper Pottsville in reports of the 
West Virginia, Kentucky, and Illinois State Geological Surveys for several 
decades. Recently the Pennsylvania Survey has re-endorsed this classification. 
As quoted by Moore,** G. H. Ashley (State geologist of Pennsylvania) now ad- 
vocates placing both the Clarion and Mercer groups in an uppermost Pottsville 
E division, having as its base the pronounced floral break just below the Mercer 
group and extending up to base of Kittanning beds.5® Moore’s Chart No. 6 follows 
the custom of the Ohio Survey and until recently of the Pennsylvania Survey of 
placing the Pottsville-Allegheny boundary at or near the top of the Mercer 
group; however, in Moore’s chart the boundary is drawn at the base rather than 
the top of the Homewood sandstone. 


58 R. C. Moore, op. cit. (1944), pp. 681-82. 


59 G. H. Ashley, “The Allegheny-Pottsville Boundary,” ms. for the 25th Anniversary Volume, 
Topographic and Geologic Survey of Pennsylvania (1944). 
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In western Pennsylvania and eastern Ohio the differently assigned upper 
Kanawha or basal Allegheny section includes such important members as the 
Homewood sandstone, Brookville coal, Putnam Hill limestone, Zaleski flint 
(equivalent to the Kanawha flint of West Virginia), Clarion sandstone, Clarion 
coal, and Vanport limestone. According to Ashley, the overlying Lower Kittan- 
ning coal is the lowest important workable coal of the Allegheny River section 
of western Pennsylvania; therefore, by original definition, it is properly placed 
at the base of the Allegheny series.®° The Allegheny division was established about 
36 years prior to the Pottsville. By definition and continued usage, type Potts- 
ville beds extend up to the Buck Mt. coal (Kittanning) in eastern Pennsylvania. 


POTTSVILLE-ALLEGHENY BOUNDARY PROBLEM 


Recent shift toward including the Clarion group in the upper Pottsville- 
Kanawha series of the type Pennsylvanian section is supported by paleontologic 
and other evidence observed in both the Appalachian and the Mid-Continent 
sections. 

Read® states: 


1. that the Clarion flora (which he formerly called “‘basal Allegheny”’ due to prevailing 
classification of the type section in Pennsylvania) is very similar if not identical with the 
upper Kanawha flora of West Virginia which has long been classified as upper Pottsville; 

2, that the Clarion flora is more related to the Pottsville than to the Allegheny flora 
of Pennsylvania; 

3. that the Kittanning flora marks the beginning of a new floral type (Allegheny); 

4. that for these and other reasons he favors including the Clarion group in the 
Kanawha or upper Pottsville series. 


It is of much interest to note in Ashley’s recent cross section and manuscript 
that the Kittanning beds of the northern Appalachian region overlap various 
older members of the Clarion group and Homewood sandstone. Evidence from 
areas of more continuous deposition indicates that the hiatus between the Kit- 
tanning and Clarion beds in Pennsylvania may represent a considerable time. 
interval. 

Wanless has shown that the Clarion group with thickness of only 80 feet in 
western Pennsylvania and eastern Ohio is correlative with the upper Kanawha 
beds about 550 feet thick in West Virginia and eastern Kentucky.” He divides 
the entire Kanawha series into four sections (his Plates 4, 5, 6, and 7) bounded 
by important coal members. Kanawha beds increase from a total thickness of 
about 300 feet in eastern Ohio to nearly 4,000 feet in the West Virginia and Ken- 
tucky region. The lower Kanawha beds of Ohio contain early Fusulinella® as 
found in the Atoka of Oklahoma and Big Saline beds of Texas. 

60 H. D. Rogers, Pennsylvania Geol. Survey 4th Ann. Rept. (1840), p. 177. 

61 Chas. B. Read, personal communication, October, 1944. 


62 Harold R. Wanless, ‘Pennsylvanian Correlations in the Eastern Interior and Appalachian 
Coal Fields,” Geol. Soc. America Spec. Paper 17 (1939), Pl. 4. 


83 M. L. Thompson, “Pennsylvanian Fusulinids from Ohio,” Jour. Paleon., Vol. 10 (1936), pp. 
673-83. 
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Hendricks™ considers that beds as high as middle Boggy of the McAlester 
district, Oklahoma, should be classified as of upper Pottsville age on the basis of 
correlation with the Appalachian section and general relationships as judged by 
faunal and physicz] evidence of both regions. 

Prior to 1940 the beds herein classified as Lampasas and Des Moines were 
included in a single Des Moines series in most or all publications on the geology 
of the Mid-Continent region although equivalent beds in the type Pennsylvanian 
section had long been separated into two divisions, the upper Pottsville and 
Allegheny. Lowman and Ware, in an unpublished manuscript, written in 1935, 
advocated revision by elevating the Atoka formation to a series.™ Prior to that 
time Lowman had prepared a review® on structure and stratigraphy in which 
he divided the Des Moines series as follows. 


Marmaton: Fort Scott limestone 
Upper Cherokee: Calvin sandstone Thurman sandstone 
Middle Cherokee: Boggy formation Lower Savanna sandstone 
Lower Cherokee: McAlester shale Atoka formation 


In this review Lowman asserted that the upper Cherokee and Marmaton are 
closely related and that 


Major changes in the regional structure of the Mid-continent area seem to have been 
initiated between the middle and upper Cherokee as evidenced by the following data: 

1, There is a broad regional unconformity at the base of the upper Cherokee. 2, Com- 
paratively coarse sediments in the Chelsea-Thurman sandstone grade rapidly into finer 
sediments in the underground to the west indicating that the present line along which 
these sediments crop out is near their original shore line. 3, The area of maximum sedimen- 
tation in the upper Cherokee shifts many miles northwest of axis of the middle and lower 
Cherokee basins. 4, The line of strike changes with the advent of the Thurman. 5, The 
folds on the “Brown lime” (upper Savanna) in the Seminole area show that the folding 
during middle Cherokee time was in phase with lower Cherokee. On the other hand the 
structural expression of the ‘‘Senora lime” (upper Cherokee) is disconformable with the 
middle and lower Cherokee. 6, The southwestern extension of the Ozark Mountains into 
Oklahoma appears to have been elevated in upper Cherokee time. 7, Continued uplift of 
many and possibly all major local uplifts seem to have persisted with diminishing intensity 
through upper Cherokee time and on through Marmaton, Kansas City, Lansing, and 
Douglas time and many of the structures are well expressed in surface strata as young as 
Permian. However, the regional structures like the Henryetta flexure and the Central 
Oklahoma arch appear to have ceased moving with the end of the middle Cherokee time 
and all local folds are buried by upper Cherokee sediments. 

Th2 Hunton arch (proper) with attendant features such as the Henryetta flexure, the 
Seminole uplift, the Paul’s Valley arch, and the Central Oklahoma arch and almost all 
important local “structures” had received their essential form by the end of the Middle 
Cherokee time and were only modified by later events. 


Lowman’s conclusions are well supported by cross sections with correlation 
5 Thomas A. Hendricks, personal communication, December, 1943. 
6 Shepard W. Lowman and John M. Ware, “Atoka Series,” ms. (1935). 


86 Shepard W. Lowman, “Cherokee Structural History in Oklahoma,” Tulsa Geol. Soc. Digest 
(1933), PP- 31-34- 
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tables such as the one prepared by him dated December 5, 1931, T. 5 N., Rs. 
2-10 E., Oklahoma, shown in Figure 1. 

Several possibilities must be considered in searching for the most logical 
boundary between upper Pottsville and Allegheny equivalents in the thick 
Oklahoma section. Each of the iollowing possible choices merits consideration. 

1. Base of Thurman sandstone.—This prominent sandstone and conglomerate 
truncates upper Boggy beds and has different direction of dip and trend of fold- 
ing than older beds.” 

2. Unconformity between lower and upper Boggy.—Plants of the upper Boggy 
are typically Alleghenyan, those below are mostly of Clarion age or “‘basal Alle- 
gheny”’ of earlier reports.®* The brachiopods Mesolobus striatus, Spirifer opimus, 
and Marginifera missouriensis, reported from lower Boggy, are species char- 
acterizing Pottsville beds in Illinois and Ohio, and Lampasas of the Mid-Conti- 
nent.® 

Fusulinids of lower Boggy and upper Savanna, upper Tradewater and Clarion 
beds include Fusulina leei Skinner (Fusulinella serotina Thompson) and F. pumila 
which are about equally fusulinelloid and fusulinoid in shell structure.”° It should 
be noted, however, that Fusulina novamexicana, a completely fusulinoid form 
occurs at least as low as the Spaniard limestone of the upper Savanna formation. 
Species rather than genera of the family of Fusulinidae must be used in separating 
Kanawha from Allegheny or Lampasas from Des Moines series if Clarion and 
equivalent beds are assigned to the upper Pottsville. 

Pelecypods likewise record close relationship of Hartshorne-lower Boggy beds 
of Oklahoma with the Tradewater of Illinois as well as paleontologic differentia- 
tion of these beds from upper Cherokee and Marmaton.”! 

Red shales and very irregularly bedded sandstones in the lower part of the 
upper Boggy as noted in the Lake McAlester district” may be interpreted as 

57 George D. Morgan, “Geology of the Stonewall Quadrangle, Oklahoma,” Bur. Geol. Bull. 2 
(1924), pp. 84, 145-50. 


68 T. A. Hendricks and C. B. Read, “Correlation of Pennsylvanian Strata in Arkansas and 
Oklahoma Coal Fields,” Bull. Amer. Assoc. Petrol. Geol., Vol. 18 (1934), p. 1056. 


69 Charles W. Wilson and Norman D. Newell, ‘Geology of the Muskogee-Porum District, 
oe and McIntosh Counties, Oklahoma.” Oklahoma Geol. Survey Bull. 57 (1937), pp- 51-56, 


Carl O. Dunbar and G. E. Condra, “‘Brachiopods of the Pennsylvanian System in Nebraska,” 
Nebraska Geol. Survey Bull. 5, 2d Ser. (1932), p. 23. 

R. C. Moore ef al., op. cit. (1944), p. 675. 

7 Carl O. Dunbar, Lloyd G. Henbest, and J. Marvin Weller, “Pennsylvanian Fusulinids of Illi- 
nois,” Illinois Geol. Survey Bull. 67 (1942). 

M. L. Thompson, of. cit. (1936). 
, “The Fusulinids of the Atoka and Boggy Formations,” Jour. Paleon., Vol. 9 (1935), pp- 


291-306. 

71 Norman D. Newell, ‘Late Paleozoic Pelecypods: Mytilacea,” Kansas Geol. Survey, Vol. 10, 
Pt. 2 (1942), Tables 2 and 3. 

7 C. H. Dane, H. E. Rothrock, and James Steele Williams, “(Geology and Fuel Resources of the 
Southern Part of the Oklahoma Coal Field, Part 3, the Quinton-Scipio District, Pittsburg, Haskell, 
and Latimer Counties,” U. S. Geol. Survey Bull. 874-C (1938), pp. 163-65 and PI. 15. 
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evidence of hiatus in these outcropping beds. The terms upper and lower Boggy 
no doubt need to be used with much caution. As previously noted, the upper 
| Boggy beds in the McAlester basin area have been correlated with the Kittanning 
a and the lower Boggy with the Clarion group. Evidently a separate name is needed 
a for the 1,000 feet or more of the upper Boggy (Kittanning) beds of the McAlester 
area which lap out 50 miles west, on the east flank of the Henryetta flexure. 
This flexure trends northward through the Stonewall district and all the Boggy 
of that area is probably of Clarion age. The stratigraphic cross section by Low- 
man (Fig. 1) illustrates these relationships and shows other important features 
to which attention is called, including: 

(1) the unconformity between lower and upper Boggy beds; truncation of 
150 feet of lower Boggy beneath overlapping upper Boggy, the latter decreasing 
i in thickness from 800 feet to o between R. 10 E., and R. 5 E. (30-60 miles west 
of McAlester) ; 

(2) extension of wedge of upper Savanna and lower Boggy beds (including 
“Brown lime” and the “Salt” or Bluejacket sandstone) westward beyond prob- 
able limits of the McAlester, Hartshorne, and Atoka beds; 

(3) regional overlap by the Hartshorne-lower Boggy section over truncated 

‘ Atoka beds; 

(4) truncation of Wapanucka (Morrow) and older beds beneath progressive 
overlap of Atoka, Hartshorne, McAlester, Savanna, Thurman, and Senora 
beds; 

(5) progressive westward loss by overlap not only of 800 feet of upper Boggy 
but of 1,000 feet of Thurman and lower Senora beds. These upper Cherokee 
beds are shown making contact progressively with lower Boggy, upper Savanna, 
Springer, and older beds down to the Hunton and Viola limestones. 

As indicated in Figure 2 and discussed later, the regional structure in north- 
central Texas between the Fort Worth basin and the Bend flexure-Concho arch 
has many similarities with the McAlester basin and Henryetta flexure-Hunton 
arch in Oklahoma. 

Dane, Rothrock and. Williams” concluded that the marked thinning of beds 
in anticlinal features of the McAlester basin was caused by recurrect diastrophic 
movements from Morrow to Boggy time. After completing much detailed struc- 
tural mapping in the area, Clawson asserted that 
the large steeply folded structural features typical of the Coalgate-McAlester area and 

associated with the Ouachita overthrust were well developed by middle and late Boggy 
= time, subsequent folding consisting more of a tilting and gentle warping effect with com- 
pressive forces active from the northeast and southwest rather than from the direction of 
the Ouachita mass to the south east.” 


é The views of Lowman and Clawson are supported by Harlton’s conclusion that 


73 C. H. Dane, H. E. Rothrock, and James Steele Williams, of. cit. (1938), pp. 192-96, 250. 


4 7% W. W. Clawson, Jr., “Oil and Gas in Oklahoma, Coal and Pittsburgh Counties,” Oklahoma 
Geol. Survey Bull. go, Vol. III (1930), p. 408. 
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“the final culmination of the Ouachitas undoubtedly occurred after Morrow in 
late Boggy time, which records the last definite evidence of movement.” How- 
ever, regional uplift after the period of active folding and thrusting is indicated 
by the character and quantity of detrital material including the distinctive chert 
conglomerates in the Des Moines-Strawn and later deposits observed locally be- 
tween Seminole, Oklahoma, and McCulloch County, Texas, and regional tilting 
during late Pennsylvanian and Permian time. Vari-colored chert beds of the 
Ouachita region are the only known adequate source of these unique chert gravels. 

3. Base of Bluejacket sand.—The base of this economically important mem- 
ber of the lower Boggy offers the advantage of more definite position and wide- 
spread recognition. However, the upper Tradewater-Clarion zone fossils such as 
Spirifer opimus and Fusulina leei occur above this sandstone. Also this sandstone 
is involved in the strong folding of the late Ouachita orogeny as shown by north- 
eastward trending faults with vertical displacement of as much as 600 feet 
(basal McAlester shale opposite shales below Taft sandstone of the middle 
Boggy, southern suburbs of Muskogee) and folds with flanks dipping at the 
rate of 25°.7 

4. Base of persistent lower Boggy shale member.—This shale member as de- 
scribed by Wilson and Newell” overlaps a basal Boggy shale section 160 feet 
thick with included thin sandstone and fossiliferous limestone containing upper 
Pottsville brachiopods as already mentioned. Again objection may be made on 
structural grounds. This and lower unconformities appear to represent recurrent 
phases of the Ouachita orogeny on the east and progressive development on the 
west of the Hunton arch and related major features between the deeply subsiding 
McAlester and Anadarko basins. 

5. Between McAlester and Savanna.—A prominent unconformity between 
these beds is indicated in most regional cross sections. Hendricks” cites evidence 
of unconformable contact at the outcrop between McAlester and Savanna beds. 
The increased proportion of sandstone in the Savanna suggests renewed folding 
and uplift of the Ouachita region and Hunton arch at this time. Apparent ab- 
sence of Mesolobus in the beds older than Savanna in the Muskogee area does 
not hold elsewhere. In the Ardmore basin Mesolobus striatus occurs down to the 
Lester limestone of the middle Dornick Hills section, in the zone of Fusulinella. 
Neuropteris desorii, which first appears in the Kittanning coal group, occurs in 
abundance in the basal coal of the Boggy and underlying shales. The McAlester- 
Savanna boundary offers a mid-way compromise between lowest and highest 
positions proposed for separation of the Lampasas and Des Moines series. 


*® Bruce H. Harlton, of. cit. (1938), pp. 863-64. 

% Charles W. Wilson, Jr., and Norman D, Newell, op. cit. (1937), pp. 51-56 and PI. III. 

76a Thid. 

77 Thomas A. Hendricks, ‘“‘Geology and Fuel Resources of the Southern Part of the Oklahoma 


Coal Field, Part 1, The McAlester District, Pittsburg, Atoka, and Latimer Counties,” U. S. Geol. 
Survey Bull. 874-A (1937), pp. 14-17, Pl. 1. 
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6. Between Atoka and Hartshorne——An important unconformity is reported 
at this position over considerable area. As previously noted, plants from Hart- 
shorne to lower Boggy beds have been correlated with the Clarion group, those 
of the Atoka being pre-Clarion and classified definitely as Pottsville. Faunal 
changes are notable and distinctive to an important degree. Development of the 
genera Fusulina and Wedekindellina came mainly but not entirely in post-Atoka 
time, the Atoka being recognized as the zone of Fusulinella. Pronounced uncon- 
formities are reported within the thick type Atoka section;’® hence, it is thought 
to represent a considerable length of time and a complex geologic history. Use of 
Atoka-Hartshorne boundary for separation of Lampasas from Des Moines series 
seems logical if Clarion beds of the type section are finally included in the Alle- 
gheny rather than in the upper Pottsville-Kanawha series. If the Atoka division 
is not given the rank of series it might be given the rank of group; and, if the time- 
rock term stage is to be used for Paleozoic rock divisions as it is in Europe and as 
it has been introduced for ‘Mesozoic and Cenozoic rocks of the United States, 
this division could appropriately be called the Atoka stage. 


TYPE LAMPASAS SECTION AND CORRELATIVES 


“Beds younger than Morrow, but older than type Strawn of the Brazos River 
Valley section” were designated the Lampasas series in a paper completed in 1939 
as part of a symposium on the geology of West Texas and New Mexico.”® The 
Morrow and Strawn referred to were intended to have the same time-strati- 
graphic limitations as the Morrow and Des Moines series of the northern Mid- 
Continent section. 

Bend, Bendian, Atoka, and Winslow were considered and rejected in naming 
this needed new series. Continued use of Bend as a name for both Marble Falls 
and Smithwick beds of Morrow and post-Morrow age seemed desirable. Bend, 
Bendian, and Winslow had been used with variable meaning. The United States 
Geological Survey had officially abandoned the name Winslow for this reason, 
and its revival was, and still is, much opposed by geologists in Oklahoma. Atoka 
was thought not sufficiently inclusive and was needed as used. Some new name 
from the region under discussion seemed most appropriate. The name Lampasas 
was proposed because of important outcrops of this series in Lampasas County, 
Texas. 

The type section of the Lampasas series is located around the Llano uplift 
of central Texas and in the area north thereof. McAnnelly’s Bend in the vicinity 
of the village of Bend in San Saba and Lampasas counties has been used as the 
type area of the Bend division. As indicated in Figure 3, the lower 80 feet or 
more of shales heretofore called Smithwick at Bend change westward to lime- 
stone with Big Saline Fusulinella and other post-Morrow fauna. To clarify time- 


78 Thomas A. Hendricks, personal communication, December, 1943. 
79M. G. Cheney, “Geology of North-Central Texas,” Bull. Amer. Assoc. Petrol. Geol., Vol. 24 
(1940), pp. 65-118. 
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stratigraphic relationships, it seems desirable to: (1) restrict use of the name 
Marble Falls to beds of Morrow age; (2) refer to the superjacent division of lime- 
stones, conglomerates, sandstones, and shales as the Big Saline group instead of 
“upper Marble Falls”; and (3) restrict the use of the term Smithwick to the re- 
maining upper part of the outcropping Bend rocks. Certain overlying beds (called 
Caddo or Parks) have commonly been included in the Bend of the subsurface but 
excluded from the Bend of the outcrop section. Presumably this dual usage will 
continue, and the name Bend thus will be used as a broad term with variable 
meaning to include rocks of both the Morrow and younger series. 

Separation of Morrow equivalents from the post-Morrow is aided in some 
areas by the presence of a basal chert conglomerate and coarse sandstone zone 
which increases in thickness from a few feet in central Texas to several hundred 
feet in Montague County and the Ardmore basin. The discovery well of the 
Ranger field produced oil from this basal sandstone. Fusulinella are found down 
to, but not below, the base of this conglomerate zone. 

The pre-Big Saline Pennsylvanian limestones are commonly cherty and mas- 
sive. These rocks have a thickness of about 250 feet at Marble Falls and 200 feet 
near Bend. Presumably as a result of pre-Big Saline truncation, they decrease in 
thickness and are absent at the outcrop and in wells 50 miles to the west of 
Bend. 

Early upper Pottsville primitive Fusulinella in the lower Big Saline are fol- 
lowed by higher types of Fusulinella in the upper Big Saline and Smithwick beds. 
The post-Smithwick, Parks group contains early Fusulina and Wedekindellina 
like those of the Savanna and lower Boggy, upper Tradewater and Clarion group 
of Oklahoma, Illinois, and eastern Ohio, respectively. 

Structural and stratigraphic relationships of rocks from the Ellenburger to 
top of the Canyon series for a distance of 110 miles northwest from Bend, Texas 
are shown in Figure 3. The following summarized well records also give informa- 
tion concerning Strawn, Lampasas, and older beds in eastern San Saba County. 


WELL NO. 17 IN FIGURE 3 


1.5 MILES WEST OF VILLAGE OF BEND 
C. D. Lane-J. E. McCoury No. 1 
A. Dietz Survey No. 45 


Pennsylvanian system 
Lampasas series 


o-120 shale, olive to dark gray Smithwick 
-—204 shale, dark gray to black Big Saline 
-257 limestone and shale, black Big Saline 
~—295 limestone, cherty, gray, brown Big Saline 
—332 limestone, Fusulinella Big Saline 
—342 limestone Big Saline 
-347 sandy shale, grayish black Big Saline 

Morrow series 
-420 limestone cherty, shale, gray to black Marble Falls 
-423 limestone and shale, Staffella Marble Falls 


-550 limestone Marble Falls 
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Fic. 3.—Cross section extending 110 miles northwest from type area of Bend division, eastern San Saba County, to western 
Callahan County, Texas, showing: (1) westward loss of Marble Falls beds containing Staffella and Millerella; (2) change from 
shale to limestone of lower Fusulinella zone called Big Saline group; (3) westward change from shale to limestone of upper 
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Fusulinella zone, Eastland Lake formation; (4) Caddo Pool formation, typically black dense limestone siliceous due to 
stern abundant sponge spicules, lacking fusulinids, herein classified with the Eastland Lake as the Smithwick group; (5) marked 
from lithologic change and unconformity at top of Parks group taken as boundary between Lampasas and Strawn series. 
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Mississippian system 
Chester series, Meramec series (?) 


-612 shale, brown to black Barnett 
Osage series 
-—620 limestone, gray Chappel 
Ordovician system 
Beekmantown series 
-—1025 limestone and dolomite white, gray Ellenburger 
14 MILEs NORTHWEST OF VILLAGE OF BEND 
Bud Willmott—Mrs. J. A. Moore No. 1 
J. A. Hernandez Survey No. 78 
o- 130 sandstone; shale blue; thin limestones, Drake’s Fox Ford bed Millsap Lake 
- 242 shale, dark, thin ss. Bed No. 8 © Millsap Lake 
— 661 shale, dark to gray, calcarous Smithwick 
~ 732 shale, dark to black, hard Big Saline 
— 846 limestones, brown or gray, thin shale, black Big Saline 
— 871 conglomerate, thin lime, and shale, black Big Saline 
- 975 limestone, brown, white, hard Marble Falls 
— 985 limestone, black, hard Marble Falls 
-1,046 shale, dark brown Barnett 
-1,048 limestone, gray Chappel 
~2,000+limestone, dolomite, white, gray Ellenburger 
23 Mites NORTHWEST OF VILLAGE OF BEND 
Three Widows Oil Co., Mrs. M. E. Ballard No. 1 
H. Behrenroth Survey 506 
o-1,005 sandstone and shale, Drake’s beds 13 to 7 Millsap Lake 
-1,400 shale, dark gray to black Smithwick 
-1,600 shale, black; thin Is., brown Big Saline 
-1,675 lime and shale, black Big Saline 
-1,680 chert conglomerate Big Saline 
-1,820 lime, black, gray Marble Falls 
-1,891 shale, brownish black Barnett 
-1,893 limestone gray Chappel 
~-1,962 limestone, white, gray Ellenburger 


Differentiation of Marble Falls from Big Saline beds is rendered difficult in 
some areas because gray to black limestones occur both below and above the 
common boundary. Also, Big Saline limestones containing one or more zones of 
Fusulinella change to shales or to limestones in which these fossils are rare or ab- 
sent as in the area of outcrop of central and eastern San Saba county. Such 
lithologic changes in the subsurface account for stratigraphic trapping of oil and 
gas in several north-central Texas fields, including the 12 mile long Santa Anna 
gas field in eastern Coleman County (compare wells ro and 11 of Figure 3) where 
limestone grades laterally to black shale within a distance of less than one mile. 
This narrow transition zone can be traced many miles along a northeast trend. 
Similar conditions occur in the vicinity of Carbon in Eastland County and Sipe 
Springs and DeLeon in Comanche County, Texas. Local reef developments in 
these beds have been noted in the outcrop and found by drilling in this region. 

The DeLeon or lowest subsurface formation of the Big Saline group, Lampasas 
series, is thought to be equivalent to much of Moore’s®® middle Marble Falls 
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limestone in the Rough Creek locality 4 miles northwest of Bend. His faunal 
list (p. 227) includes post-Morrow brachiopods such as Chonetes (Mesolobus) 
mesolobus and Spirifer rockymontanus. Much of his upper Marble Falls (some 
duplication?) section as measured near the village of Bend along with most of 
the overlying black fissile shales and thin beds of black limestone may be cor- 
related with the Sipe Springs formation, upper Big Saline group of the sub- 
surface. 

Additional evidence on classification of the relatively non-fossiliferous section 
at Marble Falls may be derived from the Fusulinidae. The ancestral genus 
Staffella is reported as low as the Viséan in the Samara Bend section of U.S.S.R., 
according to Rauser-Cernoussova and others. Successive development of new 
genera has been discussed by Thompson*! who reported the most primitive fusu- 
linids from North America that he had studied came from the Brentwood lime- 
stone member of the Boyd shale of the Morrow series. These were classified by 
him as primitive Millerella. The second earliest type from North America was his 
discoidal Millerella marblensis, from 150 feet below the top of the Marble Falls 
beds at the type locality in Texas and from basal beds of his Derry series in New 
Mexico. Profusulinella, which first appears well above the base of the Derry 
series marks the third stage. This he says is ‘a genus more highly developed 
biologically than any fusulinids found in the type section of the Marble Falls 
limestone.” A fourth stage is the Fusulinella zone as found in the Big Saline 
and Smithwick groups of the Lampasas series, and the Mud Springs group of 
the upper Derry series. Thompson considers Millerella marblensis from the basal 
Derry and upper Marble Falls as not greatly younger stratigraphically than the 
most primitive Millerella from the Brentwood. By bearing in mind that the Brent- 
wood is generally correlated as of early or possibly middle Morrow age (Union 
Valley limestone), also that very primitive Fusulinella appear in basal Atoka beds, 
it appears reasonable to think that these fusulinids from the type Marble Falls 
and basal Derry sections may be of late Morrow rather than early Lampasas age. 
The discoidal shape of Millerella, antedating the spindle shape of Fusulinella 
jittst supports assignment to the Morrow. 

As previously discussed, a widespread unconformity occurs between beds cor- 
related with the Morrow and succeeding beds of the Lampasas series. The thin 
limestone conglomerate 115 feet below the top of the limestone section at Marble 
Falls may represent this hiatus between Morrow and Lampasas beds.” Big 
Saline beds are known to overlap progressively older beds in north-central Texas 
as shown in Figure 3. In eastern McCulloch County, Texas, 4 miles southwest of 
Rochelle, Fusulinella-bearing limestones about 125 feet thick rest on the Mis- 
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sissippian Barnett shale, and on the Ordovician Ellenburger limestone in wells 
farther west. 

The Morrow and Lampasas series differ lithologically as may be noted in de- 
scriptions by Goldman.* The boundary between these series should evidently be 
placed between divisions I and J of Goldman at the depth of 4,132 feet in the 
Roxana Petroleum Corporation’s Seaman No. 1. As identified by M. L. Thomp- 
son and others (1941), Atoka-Lampasas types of Fusulinella without Fusulina 
are locally abundant as high as upper Eastland Lake formation; for example, 
from a depth of 4,010—-4,025 feet in the Anzac Oil Corporation’s E. S. Graham 
No. 2, Young County, Texas. 

Local erosion of Smithwick shales and westward loss of 2,500 feet of over 
lying beds below upper Strawn are revealed in the Llano uplift region of central 
Texas between Lampasas and McCulloch counties. Evidently the post-Smithwick 
beds were deposited during and after the development of much rifting and ir- 
regular subsidence of a deep trough trending northeast. Thicknesses vary greatly 
between alternating graben and horst areas. The middle and upper parts of this 
post-Smithwick sandstone and shale sequence show only minor reflection of the 
northeast-trending pronounced faults and folds having structural relief in the 
underlying Bend limestones of as much as 1,000 feet. Like the Henryetta flexure 
and Hunton arch in Oklahoma, the Bend flexure and Concho arch were gaining 
prominence in northern and central Texas near the close of Lampasas time. 
Westward regional tilting has given the Bend flexure the appearance of an ex- 
tensive arch. It has, however, obscured the earlier dominance of the Concho 
arch, which doubtless was much uplifted and furnished much of the clastic 
material deposited in the near-by Strawn and Kerr basins,* especially in late 
Lampasas and early Strawn time. Important structural and lithologic changes 
occur in the subsurface of north-central Texas between the Strawn series and 
upper part of the “subsurface Smithwick” or Parks beds. Cores taken just be- 
low the top of a limestone correlated as upper Parks in central Coleman County 
contain early Fusulina and Wedekindellina like those found in the Dennis Bridge 
beds of the Brazos River outcrop section and the Boggy (Stonewall area?) of 
Oklahoma according to Thompson.* Henbest*? has identified the following spe- 
cies from these cores: Wedekindellina euthysepta (Henbest), W. ellipsoides (Dun- 
bar and Henbest), W. excentrica (Roth and Skinner), Fusulina aff. rockymontana 
(Roth and Skinner), F. distenta? (Roth and Skinner). Wedekindellina euthysepta 
and Fusulina novamexicana are reported from the Kickapoo Falls and Dennis 
Bridge limestones of the outcrop section,** thus supporting correlation of these 


\83 Marcus I. Goldman, “‘Lithologic Subsurface Correlation in the ‘Bend Series’ of North Central 
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84 See M. G. Cheney, oP. cit. (1940), p. 84, Fig. 5, for comparison of Seaman and Graham wells. 
85 E. H. Sellards, “Geology of Texas,” Univ. Texas Bull. 3401 (1934), Fig. 1, p. 88. 

86 M. L. Thompson, personal communication, March 30, 1942. 

87 Lloyd G. Henbest, personal communication, August 11, 1943. 

88 Carl O. Dunbar, Lloyd G. Henbest, and J. Marvin Weller, op. cit. (1942), pp. 100, 113-15. 


MISSISSIPPIAN AND PENNSYLVANIAN ROCKS 163 


subsurface and surface sections with the Savanna and lower Boggy of Okla- 
homa and the upper Tradewater of Illinois. As previously discussed, the flora and 
fauna of these beds indicate pre-Kittanning age. 

Fusulinids in shales just above the Parks beds of the subsurface have been 
identified as of the same age as those of the Hill Creek beds about 200 feet above 
the Dennis Bridge limestone (Fig. 2). It is now proposed that the Lampasas- 
Strawn boundary in the Brazos River outcrop section be placed at the base of the 
conglomerate which rests on the Dennis Bridge limestone at the Dennis highway 
bridge in southwestern Parker County, Texas. Assignment of the Parks beds to 
the Lampasas series seems particularly appropriate if the Clarion group of the 
type Pennsylvanian is to be classified as upper Pottsville as now seems desir- 
able. 

Placement of Connoquenessing, Mercer, and Clarion groups of Pennsylvania 
in the Kanawha series (upper Pottsville) favors inclusion of the approximately 
equivalent Big Saline, Smithwick, and Parks groups in a correlative series of the 
Mid-Continent region, the Lampasas series. 

The Parks beds are herein considered more appropriately classified as a 
group rather than a formation. The Parks group typically consists of a variable 
sequence of dark shales, limestones, and sandstones between the black shales, 
gray, black, and siliceous limestones of the Smithwick group and an unconformity 
at the base of the conglomerates, sandstones, blue shales, and limestones of the 
Strawn series. In the Brazos River outcrop section this unconformity is placed 
at the base of the chert conglomerate overlying the Dennis Bridge limestone at 
Dennis in southwestern Parker County. Drilling indicates a thickness of about 
1,600 for the Parks group near Dennis. Westward, depositional thinning and 
truncation reduce the Parks group to 200-300 feet in its type subsurface area in 
Stephens County.* 

The Lazy Bend formation, Millsap Lake group and Strawn series of the 
Brazos River outcrop section are preferably restricted to beds above the Dennis 
Bridge limestone at Dennis. 

Beds below the chert conglomerate at Dennis Bridge and above the Kickapoo 
Falls limestone may be referred to as the Dennis Bridge formation. 

The Kickapoo Falls limestone may well be classified as the top member of 
the Dickerson formation in harmony with common practice in this region of 
placing an important limestone at the top of a formation. 

Paleobotanic data, when secured, should greatly aid in determining the posi- 
tion of the Lampasas-Strawn boundary in the sandstones and shales of the 
Colorado River section. Absence of Drake’s beds®*® No. 4 to No. 7 in eastern San 
Saba County (Willmott’s Moore No. 1) and the rapid eastward dip noted in these 
beds in western Lampasas County suggest that they were deposited prior to the 
diastrophism which came near the close of the Lampasas epoch; hence, beds at 
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least as high as the Shadrick Mills sandstone, Drake’s No. 7, and perhaps higher 
are thought to belong to the Parks group. 

The extensive work by Plummer and Scott,*! describing numerous ammonites 
from beds which they called the Marble Falls limestone, Smithwick shale, and 
Millsap Lake formation renders this type Lampasas section of central Texas of 
greater usefulness for purposes of interregional and intercontinental correlation. 
Reference to their text and Figures 1 and 83 indicates the following zonation, 
according to stratigraphic terminology of the present report. 


Strawn (Des Moines) series Zone or Assemblage 
Lone Camp group, upper Paraschistoceras strawnense 
lower Pintoceras postvenatum 
Millsap Lake group, upper Gastrioceras venatum 
Lampasas series 
Parks group, upper Pseudoparalegoceras brazoense 
Smithwick group Gastrioceras smithwickensis™ 
Big Saline group Phaneroceras compressum 


The principle seems well established that a major time-stratigraphic division, 
whether system, series, or even lesser units, may be satisfactorily established in a 
general framework of classification even though the type area is separated geo- 
graphically from preceding or succeeding divisions of equal rank. The type sec- 
tion of the Lampasas series of the Brazos, Colorado, and Llano river valleys com- 
pares favorably in most respects with the type sections of the other series of the 
Pennsylvanian. Thousands of wells in north-central Texas furnish much addi- 
tional data and permit extensive stratigraphical, paleontological, and structural 
studies of this series of upper Pottsville age. 


TYPE DES MOINES SECTION AND CORRELATIVES 


Rocks approximately equivalent to the Allegheny division have been called 
Strawn since 1890 in Texas, Des Moines since 1893 in the northern Mid-Conti- 
nent and Deese since 1922 in the Ardmore basin. Boundaries and rank have been 
changed somewhat but these names have been retained in each geologic prov- 
ince.” 

The Des Moines division was the first to be established on a time-strati- 
graphic basis.** During the past 12 years its upper boundary has consistently 
been placed at a widespread hiatus where a pronounced faunal change takes 
place. Such genera as Fusulina, Mesolobus, Chaetetes, and Prismopora and many 
others“ are not known to be indigenous to rocks above the unconformity at the 
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base of the overlying Chariton conglomerate, Pleasanton formation, of southern 
Iowa and Missouri,® and equivalent Trivoli sandstone of Illinois, Inglefield sand- 
stone of Indiana, Mahoning sandstone of Ohio and Pennsylvania, and the War- 
rensburg channel sandstone of western Missouri and eastern Kansas (basal 
Bourbon). As traced southwestward, this boundary between the Des Moines 
and Missouri series is placed at the hiatus marked by the base of the Seminole 
conglomerate in Oklahoma, the sandstone just above the Confederate limestone 
in the Ardmore basin, and the Lake Pinto sandstone in north-central Texas. 

The Des Moines-Missouri boundary of the Mid-Continent seems to be in 
close agreement with the Allegheny-Conemaugh boundary of the type Penn- 
sylvanian section. Appreciable revision of boundaries now in use are needed only 
in Eastern Interior region (post-Lonsdale unconformity), the Marathon region 
and in some of the western states to secure close agreement across the continent. 

If the base of the Kittanning boundary is adopted as the Kanawha-Alle- 
gheny boundary in the Appalachian area, the base of the first sandstone below 
the White Breast coal would seem to be an appropriate Des Moines-Lampasas 
boundary in Iowa. Early species of Fusulina and Wedekindellina, found 30 feet 
below the White Breast coal, are evidently of Clarion age, whereas the fusulinids 
go feet below this coal include FuSulinella iowensis of Mercer age, according to 
Thompson. 

Both the type Allegheny and type Des Moines sections are relatively thin and 
presumably incomplete, having maximum thickness of only 300-400 feet, as 
compared with at least 3,000 feet assigned to this division in eastern Oklahoma, 
(upper Boggy to top of Marmaton), 5,000 feet in the Ardmore basin and 2,000 
feet in north-central Texas (top of Dennis Bridge limestone to base Lake Pinto 
sandstone). 

The cyclical deposition which is characteristic of a large part of the Penn- 
sylvanian rocks of the Appalachian and Mid-Continent regions has receiv.u the 
attention of geologists since 1874.°" In more recent papers®® the application of 
these studies to problems of classification and interregional correlations is em- 
phasized. 

Choice of boundaries for the Deese series of the Ardmore basin section of 
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reference offers some difficulties due to completeness of section and lack of sharp 
paleontologic demarcation. For example, fusulinids near the upper Deese bound- 
ary include transitional borderline forms between Fusulina and Triticites; hence, 
placement of this boundary between the Confederate and Union Dairy limestones 
is somewhat arbitrary. Study of ostracods led Bradfield®® to place the Deese- 
Hoxbar boundary either at the base of the Confederate limestone or of a chert 
conglomerate somewhat lower. 

Geologists specializing in the Ardmore basin area report that the rocks of that 
area are more readily correlated with the north-central Texas than with the 
northern Mid-Continent section. The unconformity between Des Moines and 
Missouri equivalents becomes much more pronounced in passing from the Ard- 
more basin to the northeast flank of the Concho arch. Fusulinids 1,000 feet be- 
low the Confederate limestone’ are found in the Capps limestone member of 
the East Mountain shale formation, at the top of the Strawn series in Palo Pinto 
County. Another 120 miles southwest in east-central McCulloch County, the 
Capps limestone is absent, apparently by erosion, and the upper Strawn Brazos 
River conglomerate (resting on Big Saline limestone) is only 200 feet below the 
Adams Branch limestone of the Canyon series instead of 1,200 feet as in Palo 
Pinto County. Broad regional uplifts, deep channelling, and a marked faunal 
change characterize this hiatus between Middle and Upper Pennsylvanian rocks 
in the more positive areas. 

Near the base of the Des Moines equivalent in the Ardmore basin, the abrupt 
change from open prairie land to rough wooded terrane in passing from outcrops 
of Pumpkin Creek beds to lower Deese in the Lake Murray district is striking 
evidence of a marked difference in lithology at this boundary. However, paleon- 
tologic evidence now seems to indicate the need of lowering the base of Deese to 
some boundary within the Pumpkin Creek beds if top of Dornick Hills is to be 
restricted to the zone of Fusulinella, or perhaps of raising this boundary to the 
base of the Devil’s Kitchen formation if beds of Clarion age are included in the 
Lampasas series and the Dornick Hills-Deese boundary is changed accordingly. 


MONONGAHELA GROUP—VIRGIL SERIES 
CONEMAUGH GROUP—MISSOURI SERIES 


The Upper Pennsylvanian beds were first placed in a single division, called 
Monongahela (Rogers, 1840) in the Appalachian region and Missouri (Keyes, 


1893) in the Mid-Continent. Subsequent studies have led to partition in each of — 


these regions as already indicated, the lower part now being called Conemaugh 
(Platt, 1875) and the upper part Virgil series (Moore, 1931-1932), in the respec- 
tive regions. Boundary between Missouri and Virgil series has been placed some- 
what lower, and on more significant paleontologic and structural grounds, than 
the Conemaugh-Monongahela boundary. The latter was designed to segregate 
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an upper coal-bearing section with the Pittsburgh coal at the base from a lower 
section lacking important coal deposits. The Missouri- Virgil section has the added 
advantage of greater completeness and profuse marine faunal content on which 
interregional correlations may be more firmly established. These Upper Penn- 
sylvanian rocks of North America contain Pecopteris followed by Odontopteris, 
indicating close agreement with the flora of lower and upper Stephanian stage 
of the Upper Carboniferous series of Europe. 

Many faunal changes are noted between the Des Moines and Missouri se- 
ries,!0 such as the zone of Chonetina which suddenly replaces that of Mesolobus ; 
Triticites which follows the extinction of the genus, Fusulina. Floral changes 
between these series appear to be somewhat less abrupt. Both the Missouri and 
Virgil series have many distinctive forms, but some overlapping of faunal zones 
occurs, such as the subzone of Triticites cullomensis. 

Broad regional uplifts brought channelling and low-angle unconformities 
between rocks of Des Moines and Missouri age, but during and especially near 
the close of Late Pennsylvanian time pronounced orogenic activity took place 
in southern Oklahoma, southwestern Texas, and New Mexico; presumably also 
in some other areas where the record is less complete. This Late Pennsylvanian 
orogenic activity led to vertical uplift of as much as 15,000 feet in the Arbuckles; 
also extensive thrust folding and faulting took place in the Marathon Moun- 
tains. In the latter area, beds of Virgil age were involved in this extreme folding, 
but became buried soon thereafter by early Wolfcamp beds containing Schwa- 
gerina, Pseudoschwagerina and many other characteristic Permian fossils. Other 
major positive features remained relatively inactive after early Missouri time, 
and subsided more or less uniformly with their flanking areas to be covered by 
1,000-2,000 feet or more of rocks of upper Missouri and Virgil age. Such features 
include the central Kansas uplift, and the Electra, Muenster, and Concho arches 
of north and central Texas. The stratigraphic relationships and petrology of the 
Upper Pennsylvanian rocks has been described in much detail in reports by the 
various geological surveys and others, two of the most recent and precise of the 
Mid-Continent region being by Condra and Reed!” and Moore, Frye, and 
Jewett.!% 

TYPE MISSOURI SERIES, VIRGIL SERIES AND CORRELATIVES | 


The type sections of these two series of the Mid-Continent region as estab- 
-ished during the past 12 years are well suited to serve as a standard for the 
Upper Pennsylvanian of North America. 

As now generally defined, the type section of the Missouri series includes 
about 500 feet of section between base of the Warrensburg channel sandstone 
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of the Bourbon formation (or group) and base of the Tonganoxie sandstone of the 
Douglas group. The type area is the Missouri River Valley, northwestern Mis- 
souri, northeastern Kansas and southwestern Iowa. A much expanded section 
occurs in Ardmore basin where beds of undoubted Missouri age exceed 2,000 feet 
in thickness, or about 3,000 feet if full thickness of the Hoxbar is included. Slight 
revision of earlier maps and correlations of the Hoxbar have been made.!“ 
Opinions differ regarding the need of any boundary revisions if the Hoxbar is 
restricted to beds of Missouri age. To accomplish this purpose in north-central 
Texas, the long established Canyon-Cisco boundary remains unchanged, but the 
basal boundary of the Canyon must be lowered from a lithologic choice of local 
importance (base of Palo Pinto formation) to the regionally important uncon- 
formity between the Lone Camp and Whitt groups! where sudden change from 
Des Moines to Missouri faunules is noted. Careful use of the term series, instead 
of group, should avoid confusion as to intended meaning of the names Strawn, 
Canyon, and Cisco, and permit continued use of these provincial, half-century 
old names, but in the new sense of time-stratigraphic divisions correlative with 
the Des Moines, Missouri, and Virgil series, respectively. 

Faunules above the base of the Trivoli sandstone in Illinois show abrupt 
change from Des Moines to Missouri faunal types, and upward revision of the 
Carbondale-McLeansboro boundary to this position has been recommended.! 
Fusulinids resembling those of upper Virgil are reported from central Illinois in 
beds superjacent to Missouri equivalents.!” 

The Conemaugh and Monongahela divisions of Pennsylvania have been 
variously classified as series, groups, or formations. Their combined thickness 
ranges from 800 to 1,200 feet in western Pennsylvania and eastern West Virginia. 
Separation on a series basis apparently requires lowering of the common bound- 
ary about 150 feet, to the base of the Morgantown sandstone, near the middle 
of the combined Conemaugh-Monongahela section. Stout! has reported that 
this sandstone and all higher Pennsylvanian beds of the eastern Ohio region are 
of fresh-water origin. 

The type Virgil section of eastern Kansas includes three groups, the upper 
two being separable according to Moore, Elias, and Newell'® into at least 30 
cyclothems, each with several marine phases in normal development. Total 
thickness of about 1,000 feet in the type area is approximately the same as that 
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for the Cisco series in north-central Texas, although the latter is reported by 
some geologists to lack uppermost Virgil equivalents. 

The faunas of the Missouri and Virgil series in the Mid-Continent region 
show marked differences from each other in many respects, as for example, the 
Paraschistoceras reticulatum assemblage of the Canyon series and the Uddenites 
schucherti assemblage of the Cisco series.'° 


PENNSYLVANIAN-PERMIAN BOUNDARY 


Conclusions regarding proper position of the Pennsylvanian-Permian bound- 
ary as set out in report of the subcommittee on the Permian"! were reaffirmed by 
the present subcommittee. Usage and physical data added during the past 5 
years give more support than refutation to inclusion of the Wolfcamp series in 
the Permian system. Placement of the base of the Wolfcamp at the base of the 
Admire group in the northern Mid-Continent region and below Saddle Creek 
and upper Waldrip beds (Pueblo formation expanded) in north-central Texas 
still appears logical. The Permian Callipteris floral assemblage of the latter section 
follows a Pennsylvanian flora found in the Newcastle coal according to C. B. 
Read (1941). Philip B. King"® classifies the Gray limestone member, containing 
Schwagerina but not Pseudoschwagerina, as basal Wolfcamp. This member oc- 
curs above the extensive regional unconformity which forms a natural boundary 
between the Pennsylvanian and Permian systems. 
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REVISION OF STRATIGRAPHY OF PART OF CRETACEOUS 
IN TYLER BASIN, NORTHEAST TEXAS! 


THOMAS L. BAILEY, FRANK G. EVANS, anp W. S. ADKINS? 
Los Angeles, California, and Houston, Texas 
ABSTRACT 


The subsurface Lower Cretaceous (Comanche) of the East Texas basin is divided into formations 
by electric logs and microfossils. The Maness shale, post-Buda in age and highest known Comanche 
formation, is described. It occurs near the center of the basin and is unknown at the outcrop. Beneath 
it is the Buda limestone, which is thin or absent at the outcrop in northeast Texas, except at a few 
localities where it is present as outliers. A Buda outlier is described on the Hill-Johnson County line 
and another outlier in Denton County contains Budaiceras and other fossils so far known only from 
the Buda. The beveled top of the Comanche in this area constitutes a widespread unconformity, 
which is definite near the east, north, and west margins of this basin, but near the center of the basin 
the existence of an unconformity is unproved. The overlying basa] Woodbine (“Dexter beds” of R. T. 
Hill) contains ammonites none of which is known in the Lower Cretaceous (Comanche). 


INTRODUCTION i. 


Subsurface studies in the Tyler (East Texas) basin or embayment of north- 
east Texas for the past 7 years, supplemented by several weeks of critical study 
at the outcrops of the Upper and Lower Cretaceous formations in northeast and 
north-central Texas, have enabled the writers to construct a number of detailed 
sections from the outcrop southeastward and eastward across the basin to the 
Sabine uplift, east of the East Texas field. As a result of these sections and subse- 
quent checking by paleontology they are able to show conclusively that the Buda 
limestone and a hitherto unnamed overlying Lower Cretaceous shale are present 
in the subsurface of the Tyler basin below the Woodbine.’ In previous papers on 
the subsurface of East Texas the Buda was either erroneously identified as 
Georgetown or was not separated from the rest of the Washita; the overlying { 
shale was either called Grayson or merely Washita. (See Plate 1 for stratigraphic : 
divisions.) This discovery was first made in October, 1940, but was not checked 
by paleontology until 1942. 

The purposes of the present paper are (1) to point out the correct subsurface 
correlations and stratigraphic subdivisions, especially of the Washita and Fred- 
ericksburg groups; (2) to name and define the Lower Cretaceous (Comanche) 
shale, the Maness shale, which is not known at the surface and requires a subsur- 
face type locality; (3) to state at what places on the outcrop unconformity has 
been demonstrated between the Woodbine and the underlying Lower Cretaceous 


1 Manuscript received, November 25, 1944. 


2 Geologists, Shell Oil Company, Incorporated. The writers gratefully acknowledge assistance 
from several geologists and stratigraphers, particularly paleontologic assistance in the subsurface by 
Frank E. Lozo and W. M. Furnish. They also thank the management of the Shell Oil Company, In- 
corporated, for permission to publish this paper. 


3 The ammonites and other fossils mentioned in the upper part of the Woodbine demonstrate 
conclusively that the upper part of the Woodbine is Upper Cretaceous (Gulf) in age. The fauna of the 
siltstones and sandstones at the base of the Woodbine is not sufficiently well preserved or has not been 
studied enough to ascertain whether it is also Upper Cretaceous or uppermost Lower Cretaceons 
(Comanche) but to date no restricted Lower Cretaceous species have been found in the Woodbine. 
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beds, and to indicate the present state of knowledge concerning this contact; (4) 
to present subsurface evidence for a regional unconformity between the Wood- 
bine and the underlying Lower Cretaceous Washita group except, possibly, at the 
center on the East Texas basin. The paleontologic evidence which confirms the 
conclusions of the age of the Maness will be the subject of a forthcoming paper by 
Frank E. Lozo. 


STRATIGRAPHY 


General statement.—The Cretaceous stratigraphy of this part of Texas and 
vicinity has been the subject of a large number of published reports and papers 
some of which are comprehensive. Adkins‘ has already compiled a bibliography 
and reviewed the history of the nomenclature, the type localities, and the correla- 
tion of the various stratigraphic divisions of the Cretaceous as well as their 
lithology, paleontology, e¢ cetera, and the reader is referred to his work for a more 
complete general discussion. The present paper is written to record the new infor- 
mation in concise form so that it will be easily available to geologists, and not to 
review the voluminous literature on the Cretaceous. The part of the Cretaceous 
with which the present paper is mainly concerned is the upper part of the Lower 
Cretaceous and the overlying !ower part of the Woodbine, the exact age of which 
is still undetermined. The sequence of stratigraphic units or formations which 
comprise this part of the Cretaceous together with the general lithology and elec- 
trical-log characteristics are shown on the correlation section across northeast 
Texas (Pl. 1) and are not described in detail. Within the last year or so several 
wells have been drilled through the Washita-Fredericksburg between the wells 
which appear on the section and the information from them strengthens the cor- 
relations indicated. The thicknesses of the various formations are shown graphi- 
cally in Figure 1. Incidentally, this section gives an idea of the structure at the 
beginning of Woodbine deposition. 


FREDERICKSBURG GROUP 


The Fredericksburg consists of three lithologic units, the Walnut, Goodland, 
and Kiamichi formations. The Walnut rests on the Paluxy (upper Trinity) green, 
gray, and red mudstones, and whitish, or greenish, more or less carbonaceous 
sandstones and siltstones. 

Walnut formation.—This is generally a thin dark gray marl interbedded with 
gray shelly limestones. It is missing as a recognizable lithologic unit locally but is 
generally present and seems to be conformable or nearly so with the underlying 
Paluxy. Locally, the Walnut may grade into solid limestone, becoming practically 
inseparable from the Goodland limestone above. 

Goodland limestone——This consists mainly of hard, white to light grayish 
brown, dense-textured limestone commonly containing pelecypod fragments and 


4W.S. Adkins, “The Mesozoic Systems in Texas,” Vol. 1, Pt. 2, “The Geology of Texas,” Univ. 
Texas Bull. 3232 (1933), pp. 259-517. 
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veinlets of calcite. It varies in thickness from less than 50 feet to 250 feet or more 
but it is continuous and easy to recognize on electrical logs, because of its com- 
monly high electrical resistivity. 

Kiamichi formation.—The Kiamichi is characterized by laminated black shale 
but commonly contains thin beds of fossiliferous limestone, or Gryphaea beds. 
Owing to a variation in the determination of the top of Fredericksburg which is 
also top of Kiamichi, a zone of alternating limestone and dark shale above the 
main Kiamichi shale is shown on the correlation section as “Duck Creek or Kia- 
michi.”’ The top of the Kiamichi is probably at the base of this unit and is shown 
by a heavy line on the correlation section. 


WASHITA GROUP 


This group of limestones, marls, and shales rests conformably on the Freder- 
icksburg. It is overlain by Woodbine with gentle angular unconformity in most 
of northeast Texas. However, on the west flank of the Sabine uplift (east flank of 
the Tyler basin), first the Eagle Ford and then the Woodbine are progressively 
truncated from west to east and are overlain with marked angular unconformity 
by the basal (Ector) member of the Austin chalk. The wedge edge of the Wood- 
bine sand with its impervious cap of Ector chalk constitutes the trap for oil in the 
great East Texas field. This has been discussed by Minor and Hanna,‘ and other 
geologists. 

The Washita is divided into eight stratigraphic units which can be readily 
traced in the subsurface (Pl. 1). Except for the Maness shale which is not known. 
at the outcrop and the Buda which has been found at the surface only as far north 
as southern Denton County, the outcrop belts of each of these units in northeast 
Texas are readily mappable and contain more or less characteristic zone fossils. 
Therefore, each is given formational rank, following Adkins® and others. 

The lower five units are commonly lumped into the Georgetown, which is here 
recognized as a sub-group. In central Texas where it is only 60-100 feet thick and 
where most of the marls which separate the interval into mappable units are 
missing, so that it consists almost entirely of similar limestone, it becomes an 
undifferentiated sub-group or formation and is called the Georgetown limestone. 
In northeast Texas the top of the Main Street limestone is generally accepted as 
the top of the Georgetown sub-group and is so recognized by the writers. The 
Grayson (Del Rio) marl and Buda limestones are recognized and mapped as sepa- 
rate formations overlying the Georgetown in central and southwest Texas. They, 
together with the Maness shale, constitute an upper Washita sub-group which has 
not been named. The approximate subsurface distribution of the Maness shale is 
indicated by a dashed line on the index map (Fig. 1). The Washita limestones 


5 H. E. Minor and Marcus A. Hanna, “East Texas Oil Field, Rusk, Cherokee, Smith, Gregg, and 
Upshur Counties, Texas,” Stratigraphic Type Oil Fields, Amer. Assoc. Petrol. Geol. (1941), pp. 600-40. 


6 W. S. Adkins, op. cit. (1933), pp. 359-400. 


formity at base of Upper Cretaceous and presence of Buda limestone and Maness shale in subsurface 
of Tyler basin, Rusk County to Cooke County, Texas. For location of section, see Figure 1. P= Pale- 
ontologic determinations (prior to October, 1940). Buda limestone and Maness shale are now recog- 
nized by several paleontologists and stratigraphers. 


N.W. GRAYSON COUNTY COLLIN COUNTY GRAYSON COUNTY COLLIN COUNTY HUNT COUNTY HUI 
FHE Oil Co Port Boliver 0.&R. WJ. Rutledge California Consol. 0. Co. Stanolind Su 
Grahem E. Durning Williams Hawkes 
Nt Net Net 
+ + + + + 
Res stivity Poresity Resistivity ‘Sett- Rewstivity Porosity Resistivity Poresity Resistivity Poresity 
nme ad Sakae Mittivett 
SS = 
7 
WOODBINE 7 
woepeine 
PAW PAW- \ Town! 
ow ; DENTON SHALE) 
1 
18 FT. WORTH : id +H 
= 
4 (P) 
TRINITY 
dat 4 
Ll 
e Pt. 1.—Regional cross section correlated on base of Upper Cretaceous, showing angular uncon- 


5 
By 
ear 
E 
gas 
i 


RAINS COUNTY 


VAN ZANOT COUNTY 


SMITH COUNTY 


HUNT COUNTY HUNT COUNTY 
Superior et al Penn Oil Co. 
Paul Parish 
NS{ Ne! 
0.409 61.597 
+ 
oresity Resistivity Porosity Resistivity 
o@ Millivelts 
Ohms 
4000 + 
Poss. T. Wesh.(P) 
300 
rh 
— 
L it 
4 | 
| ! 
Ta | 4300 1}. 
- 
di 
} 
— 3 
a 
ji 
| 
H 
~ 
Y i 
4 


Humble Humble Texas Co. 
Easter LK Riggs Seritchfield 
Net 
£1436 
> + + 
Porosity Resistivity Poresity Resistivity Seif: Petentie! Resistivity 
Th wr 
FORMER | PRESE 
9500 CORRELATIONS Im THIS coLUMN | CORRELATIONS | 
Gray & red 
& grey 
WOODBINE 
' Dark gray sh 
& thin 
= 2 
A Limess, 
| | 
' a 
41 4000 ze 
| ToP GEOR 
4 4 
| MAIN st 
| ' 
| 6500 
1 | 
AS, PA 
Ll 
! 
| 
1 
5, 
4 
Nw 
1 
1400) T Googja 
i 
7490) Prob Trinity( 
==-T510 


HUNT COUNTY 


RAINS COUNTY VAN ZANDT COUNTY 


4500 
— 


Penn Oil Co. Humble Humble 
Parish Easter LK Riggs 
Nei 
1.597 £1436 465 
+ + + 
Porosity Resistivity Porosity Resistivity Porosity Resistivity Seif- Pe 
Milliveits Ones Millivoits Ohms Milliveits 

4 FORMER | 
7 9500 CORRELATIONS Im THIS COLUMN | 
Gray &.5., 
& grey sity, 
4000 — 

WOODBINE 
4 ' Dark gr 
4124) Poss T. Weeh.(P) & thin § 
as T.Gt. tone 


4! 
! 
a4 
| 
| 
| 6300 — 
48 Wy, 
‘As, 
4 
« 
| Hird 
44 
{! 
| 
LUN ! 


6079 T. Pry, 


We 
~ 
| 
: 
‘Sq, 
5000 


SMITH COUNTY 


CHEROKEE COUNTY 


Resistivity Self Potential 


Rusk COUNTY 

J.S. Harold 
M. J. Armstrong 


+ 


Resistivity 


UPPER 
CRETACEOUS 
(GULF SERIES) 


AUSTIN CHALK 


Texas Co. Shell 
Scritchfield S.H. Maness 
No! Not 
TYLER BASIN 
Resistivity Self- Potential 
4 
Ones 
PRESENT =e 
CORRELATIONS IN THIS COLUMN ; 
Continuous 
cores in 
Dark gray sh this interval. ! 
& thin WOODBINE Gray sity 
| 1.0, 4788 
imestone BUDA 
ale 
Grey a 
Br, 
a GRAYSON MARL 
GEORGETOWN 
pve STONE 
{ main STREET LIME 
| 
4, LIMESTONE @ MARL 
agit ave 
l penton SE 
48 
1000 puck 
AL 
cre 
puck 
qi pare 
$ 
7 1265-10 T. Fred-Kiemichi(P esto" 
parury 
100 a Prob.T. Trinity (Patuxy) (P) 


LOWEF 
CRETACEOUS 
(COMANCHE 

SERIES) 

il 


SW. N.E. 

| 3200 
| 


STRATIGRAPHY OF CRETACEOUS IN TYLER BASIN 173 


generally contain tiny microspherules of crystalline calcite (commonly called 
“spherical bodies”) especially below the Grayson. 

Duck Creek formation—This formation consists of (1) a lower gray limestone 
member with minor intercalations of dark gray marl (especially in the lower part 
which may possibly be of Fredericksburg age and is shown on the cross section as 
Duck Creek or Kiamichi) ; (2) an upper member of alternating somewhat nodular, 
gray fossiliferous limestone and darker gray marl. 

Fort Worth limestone-—This is a fairly hard, rather dense white to light gray 
limestone with minor streaks of gray marly limestone. In the central, eastern, 
southern, and southwestern part of the East Texas basin it is fairly porous. It is 
remarkably persistent as the most consistently pure limestone in the Georgetown 
sub-group and generally constitutes an easily recognized characteristic unit on 
electrical logs. 

Denton shale.—At the outcrop north of Bell County and in the subsurface 
northwest of a line connecting central Bowie, southern Morris, the southwest 
corner of Smith, and the south corner of Limestone County the Denton consists 
largely of gray shale and marl. Southeastward from this line the shale becomes 
progressively thinner and contains limestone interbeds as shown by the cross 
section. 

Weno and Pawpaw formations—The Weno marl with interbedded, minor 
limestones and sandstones of the outcrop in Grayson, Cooke, and Denton coun- 
ties, becomes progressively more calcareous downdip and consists largely of gray 
limestone with subordinate shale interbeds in the subsurface of the Tyler basin. 
The Pawpaw sand and shale of the outcrop in the aforementioned counties be- 
come progressively more shaly-and then calcareous eastward and southward but 
thin calcareous sandstones are reported in some wells in this part of the Washita, 
particularly in the northern and northwestern parts of the Tyler basin. In much 
of the subsurface the Pawpaw is lithologically so similar to the underlying Weno 
that no attempt has been made to separate them (PI. 1). 

Main Street limestone.—This is a light gray or whitish fossiliferous limestone 
which thickens considerably and becomes less well indurated and more marly 
downdip. Its contact with the underlying Weno-Pawpaw is indefinite where the 
latter becomes calcareous and is recognized from the electrical logs; the Main 
Street generally shows less resistivity than the underlying limestones downdip 
from a line connecting Limestone, Hunt, and Red River counties. 

Grayson marl.—Both at the outcrop and in the subsurface the Grayson (Del 
Rio) consists of light to dark gray marls and minor thin marly limestones. In a 
few wells in the deeper part of the Tyler basin, for example, The Texas Company’s 
Scritchfield No. 1, the cuttings suggest that parts of the Grayson have a bronze 
or coppery tinge like the younger Maness shale, which has been confused with the 
Grayson in the past. The Grayson is generally fossiliferous, particularly at the 
outcrop, being characterized by an abundance of the ram’s horn oyster, Exogyra 
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arietina Roemer; it generally contains a good foraminiferal fauna. It is commonly 
more calcareous near the top and is overlain by the Buda limestone; it also be- 
comes more calcareous and thinner eastward and northward from the center of 
the basin. 

Buda limestone.—At the outcrop (the continuous outcrop extends from near 
Waco southwest to the Rio Grande in Val Verde County) the Buda is mainly 
white, dense to porous sparsely to highly fossiliferous limestone. In the subsur- 
face it is commonly a fairly hard, white, dense to porous, sparsely fossiliferous 
limestone. In many places it contains patches of glauconite grains. Where the 
entire thickness is present (in the central part of the Tyler basin) the upper part 
of the Buda becomes more marly and appears to grade upward into the Maness 
shale. The Buda of the subsurface has been confused with the upper Georgetown 
(Main Street) limestone and is still reported as Georgetown by some geologists 
and stratigraphers as well as by many production men and scouts. The first lime- 
stone below the Woodbine in most of northeast Texas is Buda rather than George- 
town. East of a nearly north-south line extending from Bowie to Nacogdoches 
County and north and west of a curving line passing from Red River County to 
Dallas County and thence south to the north end of the continuous Buda outcrop 
near Salado, Bell County, the Buda is entirely absent, presumably by truncation. 
The approximate subsurface distribution of Buda is shown on the index map (Fig. 
1); the outer dashed line on this map gives the approximate subcrop (pre-Upper 
Cretaceous “‘outcrop’’) of the base of Buda. West of this line three or more outliers 
of Buda are known; two of them are shown on Figure 1: (a) just south of the Hill- 
Johnson County line; and (b) at and near Grayson Bluff, 3.7 miles N. 51° E. 
of Roanoke, Denton County, where W. S. Adkins and F. E. Lozo in September, 
1944, collected Budaiceras, Exogyra clarki Shattuck, and other pelecypods, sup- 
posedly restricted to the Buda limestone. Another well known Buda outlier is at 
Bosqueville, McLennan County, and several occur in Bell County. At a locality 
(De-13) 4.8 miles N. 77° E. of Roanoke, Stephenson’ recorded from a limestone 
of Buda-like lithology Budaiceras (two species) and various pelecypods, fossils 
hitherto reported only from the Buda. 

The thickest, and possibly complete, section of Buda, is present only in those 
wells which lie in the deeper part of the Tyler basin, inside the main dashed line 
on Figure 1, which indicates the subcrop of the base of the Maness (top of Buda). 
The-age of the lower Woodbine beds, which’ overlie the truncated Buda, is dis- 
cussed later in this paper. 

Taff® believed that the upper nodular member of the: Grayson is Buda but 
produced no fossil evidence; the notion that this portion is lithologically similar 
to the Buda is incorrect. His typical locality for his North Texas “Buda” was the 
M. K. & T. Ry. crossing of the Elm Fork of Trinity River (north end of Lake 

7L. W. Stephenson, “Fossils from Limestone of Buda Age in Denton County, Texas,” Bull. 
Amer. Assoc. Petrol. Geol., Vol. 28, No. 10 (October, 1944), pp. 1538-39. 


8 J. A. Taff, “Report on the Cretaceous Area North of the Colorado River,” Texas Geol. Survey 
4th Ann. Rept. (1893), Pp. 277, 280. 
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Dallas), now overwashed by alluvium. Correlations of various parts of upper 
Grayson and the Modlin Cemetery limestone (probably lower Buda) with the 
Buda have been made by Winton,° Scott,!° Hill,’ Alexander,’ and perhaps 
others. 

Maness shale-—This new formation is named from the Shell Oil Company’s 
Maness well No. 1, eastern Cherokee County, in which the basal Austin, entire 
Woodbine, entire Maness and upper 12 feet of Buda limestone were cored con- 
tinuously and in which the core recovery was excellent (more than go per cent). 
As the core recovery in the Maness shale (depths 4,705 feet to 4,766 feet) was 
nearly perfect, the writers hereby designate this cored section between the base 
of Woodbine and top of Buda as the type locality of the Maness formation. This 
is the so-called “bronze shale” of the East Texas field." It is the youngest defi- 
nitely known Lower Cretaceous (Comanche) in the Texas Gulf region and prob- 
ably in the United States. The Maness shale has not been found at the surface 
and probably does not crop out. The possibility that Maness is represented in the 
basal Woodbine at the surface in northeast Texas is neither proved nor disproved 
paleontologically; at any rate, the Maness fauna has so far been found nowhere 
at the outcrop. The relations shown in Plate 1 indicate that the Maness does not 
reach the outcrop in northeast Texas. If the Maness equivalent is present in West 
Texas it is apparently not in a shale facies. 

The maximum thickness of Maness shale found to date, 85 or go feet, was 
encountered in the Magnolia Petroleum Company’s Braly No. 1, located in north- 
ern Cherokee County, 103 miles southeast of The Texas Company’s Scritchfield 
No. 1, and 33 miles northeast of the line of cross section (Fig. 1). The Maness is 
70-75 feet thick in wells in eastern Henderson and northern Houston counties 
and in the Long Lake field of southwestern Anderson County. 

At the type locality in the Shell Oil Company’s Maness No. 1 the Maness shale 
consists of faintly laminated to massive, bronze or copper-colored and dark gray, 
somewhat calcareous clay shale and claystone. In some parts there is a faint 
mottling of the gray and bronze colors. This shale is purer or less silty than the 
overlying dark gray silty shale, which contains lamellae and thin beds of hard, 
fine-grained, calcareous silty sandstone, and are shown as Woodbine on the cross 
section in Plate 1. These types of rock are lacking in the Maness formation and 


9 W. M. Winton, “The Geology of Denton County,” Univ. Texas Bull. 2544 (1925), p. 30. 

10 Gayle Scott, ‘‘The Woodbine Sand of Texas Interpreted as a Regressive Phenomenon,” Bull. 
Amer. Assoc. Petrol. Geol., Vol. 10 (1926), p.615. Winton and Scott, “The Geology of Johnson County,” 
Univ. Texas Bull. 2229 (1922), p. 31. 

11 R. T. Hill, “Further Contributions to the Knowledge of the Cretaceous of Texas and Northern 
Mexico” (abstract), Bull. Geol. Soc. America, Vol. 34 (1923), Pp. 72-73- 

12 C. I. Alexander, “Ostracoda of the Cretaceous of North Texas,” Univ. Texas Bull. 2907 (1929), 
p. 32. 

13 The “bronze shale” was noted in Kelsey dome by Denison, Oldham, and Kisling, “Structure 
and Stratigraphy of the Kelsey Anticline, Upshur County, Texas,” Bll. Amer. Assoc. Petrol. Geol., 


Vol. 17, No. 6 (1933), pp. 656-79. 
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no bronze color has been noted in the overlying shales (probably Woodbine) al- 
though maroon mudstones are common higher in the Woodbine. In this well the 
Maness contains a few small, smooth, thin-shelled Pecten and Foraminifera. Ex- 
cept for a few long range species, such as Globigerina cf. cretacea and Ammobaculites 
sp., only two species of possibly more restricted though unknown range, Episto- 
mina sp. and Bigenerina n. sp., have been found in the post-Maness shale and 
sandstone (described in the following section) in the Shell’s Maness No. 1. The 
two last-mentioned species are rather rare and might be reworked. However, it is 
possible that in the central part of the Tyler basin the unconformity between the 
Maness and Woodbine is largely filled in by nearly continuous sedimentation and 
that the beds called post-Maness below fill in much of the gap. There is still a 
faunal break at the top of the Maness because most species in it are not found 
above the top of the Maness shale. 

A description of the continuously cored section in the Shell’s Maness No. 1, 
which includes the type section of this uppermost Comanche shale, is given here 
for a permanent record. 


DESCRIPTION OF CORED SECTION IN SHELL Ort Company’s MAneEss NO. 1, 
CHEROKEE County, TEXAS 
Depths of Cores 
(Feet) 
Austin CHALK (top not cored) 
4,469-4,486 Chalk, hard, dark gray, faintly laminated, marly. Contains Inoceramus sp. and small 
glauconite grains. Two streaks of purer whitish chalk 1-2 feet thick 
-4,501 Chalk, white, slightly sandy, somewhat glauconitic with a few dark gray mar] streaks. 
One inch of greenish white bentonite and one inch of black sideritic, possibly cherty 
limestone at 4,486 
-4,506 Chalk, irregularly laminated, white and gray, slightly sandy, with black shale partings 
and abundant phosphatic and sideritic pellets. Bottom 8 inches is fossiliferous, sandy 
and shaly chalk with common pebbles of shale and chalk. Contact was cored and is 
slightly irregular as well as sharp (upper part of Woodbine and all the Eagle Ford re- 
moved by angular unconformity here) 


WoopBINE SANDSTONE (thickness 199 feet) 

-4,511 Siltstone, whitish, friable, sandy, grading into gray massive mudstone with a few 
greenish and faint brownish red mottlings. Red mudstone cuttings between 4,503 and 
4,511 

-4,516 Sandstone, grayish white, hard to somewhat friable, fine to medium, clean; sand grains 
predominantly quartz, minor feldspar and pink chert. A streak of green and red 
mottled waxy, slicken-sided claystone, 4,514-4,515 

4,526 — white to pale pinkish, slightly friable, clean, quartzose. Cemented with 
calcite 

-4,530 Sandstone, friable, laminated, gray with gray shale partings interbedded with shale, 
laminated, red and gray 

—4,556 Sandstone, friable, smoothly laminated, grayish white to pale pinkish, medium- 
grained, clean, composed mostly of quartz and subordinate chert grains. A hard, 
brownish black 6-inch sideritic concretion at 4,545 : 

-4,561 Siltstone, dark purplish gray, sandy, alternating with sandstone, cross-laminated, 
whitish. Thin streaks of red and green claystone 

4,564 Shale, well laminated, black, silty, micaceous, and lignitic with thin irregular lamellae 
of hard, gray, fine sandstone 

-4,574 Shale, laminated, black, silty, with abundant carbonized plant fragments and sand- 
stone, very hard, whitish, medium to fine, quartzitic, containing abundant large lig- 
nitized plant fragments. Dark gray siltstone in lower 2 feet 

-4,585 Sandstone, moderately friable but well consolidated, whitish, non-calcareous, porous, 
medium-grained becoming fine and silty in lower 2 feet 
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Post-MANEss SHALE AND SANDSTONE (probable lower Woodbine) 


-4,660 Shale, laminated, black and gray, silty, micaceous, containing about 30 per cent of 
cross-laminated, gray, fine sandstone lamellae 1-3 centimeters thick. Plant impressions 
are common in dark shale 

-4,669 Sandstone, faintly laminated, gray, very silty 

-4,682 Siltstone, cross-laminated, gray, sandy, alternating with shale, darker gray, silty, non- 
calcareous 

4,696 Sandstone, faintly laminated to massive, medium to dark gray, very fine and silty, 
non-calcareous 

-4,705 Sandstone, very fine and silty, non-calcareous, interlaminated with shale, dark gray, 
silty, non-calcareous. Contact with underlying Maness shale was ¢ored; it is sharp but 
apparently smooth 

MANEss SHALE (thickness 61 feet) 


-4,732 Top one foot is claystone, conchoidally fracturing, dark gray with coppery tinge, very 
slightly calcareous. Claystone or shale, poorly laminated, conchoidally fracturing, 
slightly calcareous, dark gray, comprises remainder of interval. Rare shell fragments 
(small pelecypods mainly) noted at 4,711 feet and below show nacreous luster. A few 
lamellae of gray shaly limestone at 4,723-4,724 

-4,706 Shale, faintly laminated, coppery gray to bronze-colored, calcareous. Contains a few 
thin-shelled pelecypods and ostracodes and rare foraminifera. Small smooth Pecten 


at 4,732 
Bupa Limestone (base not cored or penetrated) 
-4,776 Limestone, massive to faintly laminated, marly but indurated, dense 
—4,780 Limestone, rather hard, light gray, slightly marly, dense 
4,788 Limestone, hard, white, finely crystalline, apparently non-porous. Dark gray marly 
(T.D.) limestone partings give it a distinct laminated and banded appearance 


According to W. M. Furnish (written communication), the Maness shale, 
containing definite Washita fossils in a strategically located core from the Mag- 
nolia’s Anderson No. 1 (Robertson County), has been recognized as far southwest 
as western Robertson County. In the East Texas field and in The Texas Com- 
pany’s Scritchfield No. 1 (southwest Smith County) it consists mainly of bronze or 
copper-colored shale, which was generally mis-identified as Grayson prior to 1943, 
and is still being mis-identified by some geologists. In the South Groesbeck field of 
Limestone County, in western Robertson County, and in eastern Henderson 
County it is dark gray, calcaleous shale containing Washita foraminifera and 
ostracodes. In the Shell’s Stephens No. 1 on the LaRue salt dome, eastern Hen- 
derson County, the Maness is gray shale containing a prolific foraminiferal 
fauna; F. E. Lozo™ reports that in this well the Maness contains ‘‘a diagnostic 
foraminiferal assemblage.” 


POST-COMANCHE—PRE-WOODBINE UNCONFORMITY 


The correlation section (Pl. 1) appears to demonstrate clearly that a regional, 
gentle, angular unconformity (against which all of the Maness, part or all of the 
Buda, and the upper part of the Grayson are truncated by the overlying basal 
Woodbine in the marginal parts of the basin) is present in northeast Texas. On 
the west flank of the Tyler basin the average rate of truncation of the Lower Cre- 
taceous (Washita) is only 2 feet per mile and it is therefore not surprising that 
the difference in dip between it and the overlying Woodbine is difficult to detect 


14 Written communication, December, 1942. 
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even in large exposures, thus accounting for: the apparent concordance of the 
contact at many places. 

At the outcrop in Grayson County, at the northwest end of the cross section 
shown in Plate 1, the top of the known Comanche in truncated and is overlain by 
the lower part of the zone which R. T. Hill loosely called Dexter beds (here called 
“lower Dexter’). 

Outcrop in northeast Texas.°—In northern Grayson and Cooke counties, 
Texas, the Woodbine has not been accurately zoned, and therefore to date no 
detailed partition is known. Electrical logs suggest that the Woodbine is too vari- 
able to zone consistently at least on a lithologic basis (Pl. 1). However, the fol-- 
lowing general subdivisions exist. 


2. Lewisville (an upper division) whose base has not been clearly defined and not definitely 
traced beyond the Lewisville area, Denton County) 
Marine clays and calcareous sandstones containing pelecypods, gastropods, and ammonites 
(Acanthoceras aft. wintoni, Acanthoceras aff. tarrantense, found near Lewisville) 
1. “Dexter” (a lower division) 
(c) ‘Upper Dexter”: thin-bedded sandstones and arenaceous shales 
(b) ‘Middle Dexter”: massive sandstones 
(a) ‘Lower Dexter” as exposed in the northeast branch of Rock Creek, 2 miles southwest of 
Dexter, Cooke County, Texas: sandstones, siltstones, and blue and black shales containing 
ammonites, pelecypods, and a sparse microfauna; about 50 feet of beds bounded above by 
the massive ‘Middle Dexter” sandstones and below by the Grayson 


The ‘“‘lower Dexter” overlies the Grayson or the Main Street, the highest 
Comanche level which has been identified to date in this area. No definite age 
identification exists for the “lower Dexter” to date. The ammonites recently col- 
lected from it by Adkins, Lowman, and Lozo have not been identified but appear 
to be different genera from known Washita ammonites. The basal part of the 
“lower Dexter” contains Ammobaculites cf. subcretaceus, Textularia sp. aff. rioen- 
sis, Trochammina, Globigerina cf. cretacea, minute Giimbelina sp., minute Globi- 
gerina sp., which occur in both Lower Cretaceous and Upper Cretaceous and do 
not indicate any precise age, and Flabellammina denisonensis Tappan. 

Buda.—No outcrop Buda is known in Cooke and Grayson counties. 

Grayson.—The Grayson where best developed consists of four parts. 


(d) Upper non-nodular marl (Gs-4). No restricted zone fossils yet determined. o—13 feet thick 

(c) Nodular very marly limestone (Gs-3). o-23 feet thick. Contains Stoliczkaia sp. (common), 
Mantelliceras n. sp. (rare), Gryphaea “mucronata” Gabb'* (abundant), and widely ranging 
Grayson fossils: Turrilites sp. cf. brazoensis (small), Engonoceras sp., et cetera 

(b) Non-nodular marl (Gs-2). 10-38 feet. Contains Exogyra arietina Roemer (rare), Gryphaea 
“mucronata” (abundant) 

(a) Basalmost nodular marly limestone (Gs-1). o-5 feet. Transitional to the underlying Main 
Street limestone. Contains abundant Exogyra arietina, but Gryphaea “mucronata” absent 
or rare and small , 


Main Street (5-40 feet thick) —This limestone forms a thin, continuous and 
identifiable outcrop marker throughout this area, and serves as control on the 
behavior of the overlying Grayson. It is recognizable by its content of Exogyra 


1% Much of the field work was done by W. S. Adkins, S. W. Lowman, and F. E. Lozo in 1944. 
16 A new species, which will be described. 
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arietina (abundant), Lopha quadriplicata (Shumard) (highest occurrence), 
Kingena (abundant), Ptychomya ragsdalei (Cragin), large typical Turrilites 
brazoensis Roemer, and locally Gry phaea “mucronata.” 

Contact at top of Grayson (Fig. 2).—The foregoing zonation given for the Gray- 
son in this area permits ascertainment of the contact relations at the top of 
the Grayson. From Dexter (northeastern Cooke County) east to Pawpaw Creek 
(northwestern Grayson County) all four units are present, and the top one is 
overlain by “lower Dexter.’'? At Boat Landing Hollow only 5} feet of basal- 
most Grayson (Gs-1) remains, containing Pseudananchys supernus, abundant 
Exogyra arietina, et cetera, and is overlain by “lower Dexter.” At a locality } mile 
northwest of Cedar Mills, at the base of the ‘“‘Lower Dexter” is a massive con- 
glomerate containing apparently reworked Grayson fossils, which markedly trun- 
cates the basalmost Grayson (Gs-1) and at the east end of the exposure is in di- 
rect contact with Main Street limestone. In four localities immediately east and 
southeast of Cedar Mills only 3-7 feet of basalmost Grayson (Gs-1) remains 
above the Main Street limestone and below the “lower Dexter.” At a locality, 
now inundated, reported by Taff 1 mile east of Cedar Mills, the ravined top of 
the Main Street limestone is directly overlain by Taff’s “blue green clay (Da- 
kota),” that is, the basal clay of the “lower Dexter.” The relations at the outcrop 
on Cooke and Grayson counties are shown in Figures 2 and 3. The removal of some 
or all of the Grayson in this area adjacent to old uplifts (Preston anticline) is 
local, and farther south, in Denton County, the upper Washita section becomes 
more nearly complete. 

At Grayson Bluff, 3.7 miles N. 51° E. of Roanoke, Denton County, the fol- 
lowing section is present. 


Feet 
“Lower Dexter” brownish gray fine sandstone and black shales...................-022005 22 
Buda (Modlin Cemetery limestone), as exposed in Grayson Bluff, in the road cut 3 mile north 
of Grayson Bluff, at Modlin Cemetery, and elsewhere. Hard shelly limestone; contains 
Budaiceras (two species), Exogyra clarki Shattuck, and other fossils (Trigonia et cetera) as 
(a) Basalmost nodular marly limestone, transitional to Main Street limestone... .. 2+ 


Other Buda localities are at points 3 miles east of Roanoke (0.45 mile east of 
Modlin Cemetery), and 4.8 miles N. 77° E. of Roanoke. 

South of Grayson Bluff the next known Buda outcrop is just below the John- 
son-Hill County line, 5 miles S. 65° E. of Rio Vista (2 miles southwest of Parker) ;! 
then at Bosqueville;!® thence the outcrop has Buda intermittently present and 


17 At Pawpaw Branch (Gs-8) the basal black shale of the “lower Dexter” visibly truncates the 
underlying Grayson, as is shown in Figure 3. 


18 Discovered by W. S. Adkins, 1933. 
19 Adkins, Univ. Texas Bull. 2340 (1924), pp. 58-67. 
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absent southward to a point 3 miles east of Salado”® where the main continuous 
body of the Buda outcrop begins. It is probable that the thinned Buda at Grayson 
Bluff and elsewhere represents basal Buda, since Budaiceras is more prevalent in 
lower Buda, whereas Pecten roemeri is more prevalent in upper Buda, and was 
not found in Denton County or vicinity. 

On the slightly gullied floor of the sand pit 2.4 miles north of Dexter, Cooke 
County, is a good exposure of an irregular erosion surface with distinct channeling 
and 1-3 feet of black sandy clay (interpreted as fossil soil) at the base of Wood- 
bine massive sandstone (top of Grayson) which corroborates the previous surface 
and subsurface evidence. As an unconformity has been reported by geologists at 
the base of the Upper Cretaceous in other parts of Texas as well as adjacent parts 
of Oklahoma and Arkansas, it is very probable that this unconformity is present 
throughout this region. In southwest Arkansas on the Oklahoma line near Cerro- 
gordo, the Woodbine rests directly on the Fredericksburg (all the Washita group 
has been truncated) and farther east the Woodbine transgresses the outcrop of all 
the Fredericksburg and part of the Trinity. In view of the overwhelming evi- 
dence for a widespread unconformity at the base of the Woodbine, the presence 
of diagnostic Upper Cretaceous ammonites, gastropods, and pelecypods in the 
upper Woodbine (as originally defined by R. T. Hill),?! southwest of the town of 
Lewisville in southern Denton County, and of a few fossils known from the lower 
Woodbine but unreported from the Comanche, the logical boundary between the 
Upper and Lower Cretaceous seems to be the base of the Woodbine ‘“‘formation.”’ 
On the west flank of the Tyler basin the angular difference in dip between the 
Washita and the overlying Woodbine is extremely small, only about 2 feet per 
mile, so that in most outcrops the unconformity appears to be merely disconform- 
able or else concordant. On the east flank of the basin the difference in dip may be 
lightly greater; in Cherokee and Rusk counties the Buda dips about 3 or 4 feet 
per mile more steeply than the base of Woodbine. Also, on the east flank, the un- 
conformity at the base of the Austin (within the lower part of the Upper Creta- 
ceous) is much more angular than that at the base of Woodbine (top of Lower 
Cretaceous). 

WOODBINE GROUP 


The Woodbine is considered to be an undifferentiated group at present instead 
of two formations as considered by some geologists because its lithologic units are 
so variable or local in geographic distribution, both along strike and up and down 
the dip, that it has not yet been successfully divided into consistent regional map- 
pable units. In Texas it is composed mainly of (1) massive or cross-bedded, gray 
to whitish or pinkish, fine- to medium-grained, calcareous to non-calcareous, more 
or less carbonaceous, slightly feldspathic sandstones with minor lenses of coarse 


20 Adkins and Arick, Univ. Texas Bull. 3016 (1930), pp. 48-59. 
21 R. T. Hill, “Geography and Geology of the Black and Grand Prairies, Texas,” U. S. Geol. 
Survey Ann. Rept. 21, Pt. 7 (1901), p. 292. 
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pebbly sandstone; (2) red and green, commonly mottled mudstones and shales, 
many of which contain microconcretions (tiny spheroidal pellets) of brown anke- 
rite or siderite; (3) light gray to whitish, laminated, sandy siltstone with lignitic 
partings and lenses; (4) laminated to fairly massive, dark gray, micaceous, car- 
bonaceous silty shale containing thin lignite beds; and (5) dark green to greenish 
gray volcanic sandstones and pebbly sandstones (composed of quartz, feldspar, 
chert, waterworn grains of partly altered volcanic rocks and a few worn sericite- 
schist grains) which are commonly cemented with fibrous serpentine or with 
chlorite or a mixture of these green minerals and calcite. A few thin beds of light 
gray, fossiliferous, shaly to sandy limestone or extremely calcareous siltstone 
were cored in the middle part of the Woodbine (between 6,240 and 6,271 feet) in 
Hunt’s Elliott No. 1, near Percilla, Houston County. 

The dark gray to black shales in the Woodbine are commonly better developed 
near the top and base and locally contain brackish or marine pelecypods and 
gastropods. A few generalized types of arenaceous Foraminifera were found in 
outcrop samples of this fossiliferous shale. Some of the calcareous sandstones 
especially near the top (as near Lewisville, southeastern Denton County) are also 
fossiliferous. 

The volcanic sandstones are best exposed in northern Lamar and Red River 
counties, Texas, and become progressively thinner and contain fewer volcanic 
grains west and southwest of Lamar County. They are excellently developed in 
wells in the Leesburg field of Camp County and in the Bass Drilling Company’s 
Crichton well No. 1 near Minden in Webster Parish, northern Louisiana. 

In the Van field Liddle” states that ‘‘a more or less arbitrary division sepa- 
rates the Woodbine at Van into an upper bentonitic and a lower non-bentonitic 
section.”’ The bentonitic sands are described as quartz sands cemented by green- 
ish gray or bluish gray bentonitic material. 

At the outcrop in southwest Arkansas the Woodbine consists largely of vol- 
canic sandstones and conglomerates (grains and pebbles are water worn); this 
volcanic facies has been called Centerpoint formation from the town of Center- 
point in Howard County by Hazzard,” who thinks it is Eagle Ford in age but cor- 
relates it with the Lewisville member of the upper Woodbine. Hazzard also thinks 
that the base of the “Lewisville” rests unconformably upon the ‘Dexter’ mem- 
ber of the Woodbine. No sign of an unconformiy or even of a definite mappable 
contact within the Woodbine was found by the writers near Lewisville, although 
several thin conglomeratic beds are found within the upper part of the fossilifer- 
ous Lewisville member. As the same fauna is found above and below them as well 
as in the pebbly lenses themselves, the conglomerate zones in this vicinity do not 


*2 R. A. Liddle, “The Van Oil Field, Van Zandt County, Texas,” Univ. Texas Bull. 3601 (1936), 
Pp. 24-25. 

23 Roy T. Hazzard, “The Centerpoint Volcanics of Southwest Arkansas, a Facies of the Eagle 

Ford of Northeast Texas,” Shreveport Geol. Soc. Guide Book, 14th Ann. Field Trip (1939), pp. 133-48. 


| 

se 


STRATIGRAPHY OF CRETACEOUS IN TYLER BASIN 185 


indicate important unconformities but merely minor breaks in sedimentation 
which are common in the Woodbine. 

Part of what has been called Woodbine in extreme northeastern Texas and 
southwestern Arkansas, where the Eagle Ford shale is mapped as thin or absent, 
may possibly be Eagle Ford in age (the Eagle Ford shale may grade into the upper 
part of the Centerpoint). On the other hand, this supposed absence of Eagle 
Ford shale can be just as logically explained by eastward truncation of the Eagle 
Ford by the overlying Tokio-Bonham shale and sandstone of the Austin group 
similar to that which occurs in the subsurface in the East Texas field. However, 
the log and sample descriptions from a well (J. B. White’s Kurth Lumber Com- 
pany No. 1) near Acworth, northern Red River County, Texas, suggests that the 
Eagle Ford shale here is included in the lower Bonham on the geologic map of 
Texas. Unfortunately, much of the critical area (near the junction of Texas, Okla- 
homa, and Arkansas) where the problem might be solved by careful following of 
several individual lithologic units) is covered with Quaternary deposits of the 
Red River, but additional field work may clarify the problem. 

The Woodbine formation was originally named for the village of Woodbine, 
Cooke County, Texas, by R. T. Hill; he called the fossiliferous beds in the upper 
part “Lewisville beds” from their excellent exposures on Timber Creek southwest 
of Lewisville, Denton County, and the lower generally unfossiliferous part of the 
Woodbine “Dexter beds,” from the village of Dexter, located near the base of the 
Woodbine in extreme northeastern Cooke County. Hill mapped no contact be- 
tween these two hazy divisions and the only criterion mentioned by which they 
might be recognized is the content of the marine fossils in the Lewisville beds. 
Subsequently, some geologists have attempted to place the base of the Lewisville 
member at the lowest occurrence of noticeable volcanic detritus in the Woodbine. © 
However, the writers collected a sample of rusty, buff to greenish buff, cross-bed- 
ded sandstone* only } mile south of Dexter at the type locality of Hill’s lower 
“member.” 

This volcanic sandstone at Dexter, Cooke County, is interpreted as a stringer 
intercalated with the non-volcanic sandstones of the lower Woodbine and not 

*R. T. Hill, op. cit., p. 292. 


% A thin section of this sandstone was studied under the petrographic microscope by Bailey. It 
contains about 4 per cent of water-worn, more or less serpentinized or chloritized grains of volcanic 
rock with a definite pilotaxitic (felty) texture. The volcanic grains are composed of tiny crystals of 
feldspar, magnetite, and an altered ferromagnesian mineral, possibly pyroxene. About 85 per cent of 
the sandstone consists of subrounded to subangular grains of quartz and 2 per cent or less of argilla- 
ceous material, chert, phyllite, feldspar, and biotite grains. The cementing material is mainly green 
chlorite and reddish brown, hydrous iron oxide; the cementing material was apparently derived from 
alteration of the ferromagnesian minerals which were apparently dissolved, dehydrated, and re- 
deposited by ground water between the quartz and other grains of the rock. Probably a number of 
original igneous grains (now leached chloritic and argillaceous material) have altered too completely 
to be recognizable and have contributed much of the chlorite for the cement. However, not more than 
5 or 6 per cent of the grains in this sandstone could have been volcanic rock fragments originally. 
Thin sections of similar rusty to greenish buff sandstones in the upper part of the Lewisville beds 
southwest of Lewisville showed a small percentage (about like that at Dexter) of rounded much al- 
tered or leached (hence doubtful) volcanic grains. 
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correlatable with the lowest volcanic sandstone found near Lewisville, Denton 
County, where it is in the upper third of the Woodbine, but detailed mapping 
requiring auger holes to trace units definitely is necessary actually to prove 
whether or not this interpretation is correct. 

As most of the Woodbine in the Lewisville fossiliferous zone contains no sug- 
gestion of volcanic grains, the only distinction left is the presence of the fossils and 
these are rare in the lower part of the Lewisville zone. 

The principal evidence against an Eagle Ford age of the Lewisville fossilifer- 
ous zone of the upper Woodbine is the fact that the Lewisville fauna at the type 
locality is distinct from that in the overlying fossiliferous Eagle Ford, although 
the two faunas are closely related. Previously unreported or described Wood- 
bine ammonites (in heavy sandstone outcrops) were discovered by Stanley M. 
Morse” and the writers at three localities near Lewisville. Two of the localities are 
on the rocky banks of the south fork of Timber Creek (1) } mile above (southwest 
of) its junction with the main stream, 3 miles S. 57° W. of the Lewisville water 
tower (soil map of Denton County used as base); (2) in hard, slabby, calcareous 
sandstone that forms a waterfall in the creek 3.6 miles S. 63° W. of Lewisville, } 
mile upstream (west) from locality 1 and 0.8 mile north and 0.2 mile east of Flower 
Mound country church. The third locality (3) is on the east bank of the main 
(north) fork of Timber Creek, 3 feet above water’s edge (medium stage) and 
about roo yards below the road bridge over the creek, 3 miles S. 78° W. of Lewis- 
ville. Two species are represented—a slender and a thicker one; Adkins found 
that these are respectively somewhat like Acanthoceras wintoni Adkins and 
Acanthoceras tarrantense Adkins of the basal Eagle Ford but different from those 
species. At locality 1 the ammonite is associated with Turritella sp., Ostrea solen- 
iscus Meek, Exogyra cf. ferox Cragin, and Crassatella? sp.; Ostrea soleniscus is 
found near the ammonites at locality 3. 

The writers believe that the Lewisville beds should remain in the Woodbine 
where they were originally placed and should not be correlated with the Eagle 
Ford for the following reasons. 

1. The ammonites and associated mollusks of the Lewisville beds are differ- 
ent from the fauna in the Eagle Ford. 

2. No well defined contact was found between the Lewisville and the rest of 
the Woodbine (“Dexter”) below. Even if it should prove possible by very de- 
tailed work to map a contact at the base of the Lewisville this would not prove 
that the Lewisville is Eagle Ford in age. 

3. In most wells in the Tyler basin the Woodbine is a sandy interval contain- 
ing thick sandstones, green volcanic sandstones, red beds, and important lignite 
beds which are generally absent in the overlying predominantly black marine 
shale and minor thin flaggy sandstones of the Eagle Ford. 

More work needs to be done to correlate definitely the Centerpoint formation 
of southwest Arkansas with the Woodbine of Texas, although such a correlation 
seems probable at the present time. 

26 Lieutenant Stanley M. Morse was killed in action in Italy on May 21, 1944. 
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THRUST FAULTING IN ARBUCKLE 
MOUNTAINS, OKLAHOMA! 


ROY P. LEHMAN? 
Shawnee, Oklahoma 
ABSTRACT 


There are thirteen erratic masses superimposed on Simpson strata ranging in age from the Oil 
Creek formation to the Bromide formation south of the city of Sulphur, Murray County, Oklahoma. 
The rocks of the erratic masses range in age from the McLish formation to the Trenton formation. 
Their occurrence has not been previously recognized. The stratigraphy and structural history of the 
area and the possibilities of the origin of the erratic masses are discussed. It is concluded that these 
erratic masses are outliers of an overthrust sheet. The overthrust, from the southwest, occurred in 
post-Hoxbar-pre-Pontotoc time and overrode the truncated beds of the Simpson group. In short, 
the erratic masses are klippen. 


INTRODUCTION 


Concentrated exploration for conditions similar to the Fitts oil pool, located in 
the Franks graben in Pontotoc County, Oklahoma, was under way during the 
winter of 1934 and 1935. The writer was assigned the work of mapping the Mill 
Creek syncline, and areas adjacent to it in T. 1 and 2 S., R. 3, 4, and 5 E., Murray 
and Johnston counties, Oklahoma, to determine the possibilities of oil production 
of the region. 

Interesting structural conditions were noted in a confined area south of the 
town of Sulphur. This is the outcrop area of pre-Pontotoc strata of the western 
extensions of the Belton anticline, Mill Creek syncline, and Sulphur syncline. As 
nearly as possible this report will deal with this restricted area. 

The detail work was done under the direction of E. J. Boos. Many of the prob- 
lems of the area were discussed with him. A. M. Meyer assisted the writer in 
numerous field trips to the area. All aspects of the area were freely discussed with 
him and much credit is due him for his excellent contributions and criticisms. 


TOPOGRAPHY 


The Arbuckle Mountains are not mountains in a topographic sense, being 
such only in a geologic sense. At the present time their topographic expression is 
hardly more than low, rolling hills. They are only slightly elevated above the roll- 
ing plains on the north. The mountain area is, in fact, a highly dissected plateau. 
Elevations in the area vary from approximately 1,220 feet in the northeastern 
part to approximately 960 feet in the southwestern part. The topographic detail 
is the result of variations in hardness of the rock formations, giving rise to the 
present contour of the mountains. At one time the Arbuckle Mountains undoubt- 
edly attained considerable height. ; 

1 Manuscript received, October 18, 1944. 

2 Phillips Petroleum Company. 
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STRATIGRAPHY 
GENERAL 


The outcropping strata embrace rocks from upper Arbuckle limestone to 
rocks equivalent in age to the Wapanucka limestone, as well as Lower and Middle 
Pennsylvanian rocks which have been downfaulted and folded into the Mill Creek 
syncline along its northern boundary. The Pontotoc conglomerates of Upper 
Pennsylvanian age overlap the Lower and Middle Pennsylvanian, as well as the 
Mississippian, Devonian, Silurian, and Ordovician formations. 

The writer used and recognized a number of diagnostic macrofaunal forms 
for the identification of the various mappable units. No attempt was made to 
classify the various forms noted, since paleontologic classification has been well 
treated by others who have worked in the Arbuckle Mountains. In the main, the 
lithologic characteristics, together with other surface expressions, formed the 
basis for mapping the various units. 

The thickness of the various geologic units was necessarily computed from 
dip and strike readings across the outcrop, since, at no locality were complete, 
well exposed, undisturbed sections available for detailed measurement. 


ORDOVICIAN 
ARBUCKLE GROUP 


The Arbuckle limestone crops out along the eastern border of the work on the 
Belton anticline. Only the upper beds of this formation were examined, Those 
examined comprise a section not more than a few hundred feet in thickness. The 
upper Arbuckle strata are composed chiefly of finely crystalline to granular, light 
gray to greenish, thinly bedded, dolomitic limestones, with some thin, sandy and 
shaly beds. 

SIMPSON GROUP 

The Simpson group southeast of Sulphur is exposed on the western extension 
of the Belton anticline. These strata dip northwestward at a low angle and the 
progressively younger beds occur toward the west. In the downfolded rocks of 
the Sulphur syncline, the upper members of the Simpson group are present, dip- 
ping northward and northeastward at relatively high angles. In the highly folded 
area of the Mill Creek syncline, the Simpson group is exposed along the northern 
limits of the syncline. The beds dip steeply southward and southwestward away 
from the Belton anticline. 

The Simpson group has a thickness of 1,922 feet in Secs. 31 and 32, T. 1 S., 
R. 4 E. With a like allowance for the Joins formation as measured in Sec. 32, T. 1 
S., R. 4 E., the Simpson group has a total thickness of 1,779 feet in Secs. 12 and 
13, T. 1 S., R. 3 E. The beds correlated as Simpson rocks in the dry hole in the 
NE.3, NE.3, SW. of Sec. 36, T. 1 S., R. 3 E., have a total thickness of 1,800 feet. 
With an allowance of 100 feet for beds in the Bromide, which, in this well, appear 
to be removed by faulting, the total thickness would be approximately 1,900 feet. 
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Joins formation.—The Joins formation is exposed in the eastern part of the 
mapped area, but has not been mapped as a separate unit in this work. It was 
included with the Arbuckle limestone. These strata are composed of thinly bed- 
ded, light gray to greenish, finely crystalline, dolomitic limestones interbedded 
with thin beds of green shale, and some sandstone. The sandstone is more preva- 
lent in the basal part. The limestones of the Joins formation are lithologically 
very similar to those of the upper Arbuckle limestones. It is for this reason they 
were not mapped as a separate unit. The beds assigned to the Joins formation 
have a measured thickness of 209 feet in Sec. 32, T.1 S., R. 4 E. 

Oil Creek formation.—The Oil Creek formation can be divided into two units. 
The lowermost member is composed of massive sandstones containing a few shale 
and limestone beds. The upper member is composed chiefly of gray, thinly bedded 
coarsely to finely crystalline limestones, with varying amounts of shale. The lime- 
stones on the weathered surface are rough, brown, and highly fossiliferous. The 
shales are invariably green to green-gray in color. This upper unit of the Oil 
Creek formation is the most easily recognized part of the Simpson formation. 

The thickness of the Oil Creek formation in Sec. 13, T. 1 S., R. 3 E., has been 
computed to be 647 feet. The basal sandstone member is 330 feet thick and the 
upper limestone member has a thickness of 317 feet. Lithologically the Oil Creek 
rocks appear to be somewhat changed in Sec. 21, T. 1 S., R. 3 E. The upper lime- 
stone member is similar in thickness to the section exposed in Sec. 13, T. 1 S., R. 
3 E., but the lower sandstone member has changed to the extent that the upper 
part of the member is largely green shale and thin limestone. The basal sandstone 
near the large asphalt quarry in Secs. 15 and 22, T. 1 S., R. 3 E., is not thought to 
be more than 150 feet in thickness. No accurate measurement, however, is pos- 
sible. The thickness of the Oil Creek formation is computed at 611 feet in Sec. 32, 
T.15S., R. 4 E. The limestone member has an average thickness of 232 feet, and 
the lower sandstone member has a thickness of 379 feet. The Oil Creek formation 
is correlated as representing 670 feet of rocks in the well drilled in the NE. 4, 
NE. }, SW. } of Sec. 36, T. 1 S., R. 3 E. The upper 300 feet is limestone and shale, 
and the lower 370 feet represents the basal sandstone member. 

McLish formation—The McLish formation cartographically, like the Oil 
Creek formation, has two units. An upper limestone member crops out in a slight- 
ly raised, rounded ridge. The lower sandstone member is ordinarily expressed 
topographically by stream valleys. The lower sandstone member is composed of 
massive to cross-bedded sandstone, having a few shale beds. The upper limestone 
member is made up of light gray, thinly bedded, finely crystalline to lithographic 
limestone, and a few thin green shale, or shaly beds. 

The upper limestone member in Sec. 14, T. 1 S., R. 3 E., has a thickness of 
253 feet. The sandstone member is 168 feet thick. The total thickness of the for- 
mation in this locality is 421 feet. The upper member of the formation is 262 feet 
thick in Sec. 21, T. 1 S., R. 3 E. The limestone member is 268 feet thick in Sec. 
22, T. 1 S., R. 3 E. The entire thickness of the formation is computed at 433 feet 
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in Sec. 12, T. 1 S., R. 3 E. The McLish beds have a thickness of 476 feet farther 
southeast in Sec 31, T. 1 S., R. 4 E. The limestone member is 221 feet thick and 
the sandstone member 245 feet thick. The thickness of the formation is 441 feet 
and 459 feet as measured in two localities in Sec. 10, T. 2 S., R. 4 E. The thickness 
of the upper member is computed at 301 feet and 311 feet, respectively, and the 
lower member is respectively 140 feet and 148 feet in thickness. The beds corre- 
lated as representing the McLish formation in the dry hole drilled in the NE. }, 
NE. j, SW. j of Sec. 36, T. 1 S., R. 3 E., are 430 feet thick. The limestone member 
is 230 feet thick and the sandstone member 200 feet thick. 

Bromide formation —The Bromide formation is composed of massive to thinly 
bedded limestone in the upper part and sandstone, shale, and limestone in varying 
amounts in the lower part. The limestone member at the top of the formation has 
the most conspicuous topographic development of any formation in the moun- 
tains. This member is resistant to weathering, and, with the overlying Viola lime- 
stone forms high, rounded topographic knobs easily recognized. The lower mem- 
ber of the formation is commonly the site of small drainages. 

The thickness of the Bromide formation was difficult to determine because of 
several extraneous conditions, such as poor exposures, strike faulting, and the 
proximity of the Pontotoc overlap. A thickness of 490 feet was computed for the 
beds representing the Bromide formation in Sec. 12, T. 1 S., R. 3 E. On the west 
side of the area, in Sec. 21, T. 1 S., R. 3 E., a thickness of 310 feet of beds is as- 
signed to the formation. The best exposed and least disturbed section crops out 
farther southeast in Sec. 31, T. 1 S., R. 4 E. The Bromide formation in this local- 
ity is computed to have a total thickness of 626 feet. There are 185 feet of lime- 
stones in the upper member, and 441 feet of limestones, shales, and sandstones 
compose the lower member. The lower member of the formation is 400 feet in 
thickness in the dry hole in the NE. }, NE. 3, SW. 3 of Sec. 36, T. 1 S., R. 3 E., 
and go feet of beds are correlated to represent the upper member of the formation. 
In this well it is evident, however, that some of the Viola limestone and possibly 
as much as 100 feet of the Bromide formation have been cut out by faulting. 


VIOLA GROUP 


The Viola group occurs in both the Sulphur and Mill Creek synclines. It is 
found in four isolated, overlapped, and faulted localities in the Sulphur syncline. 
In the Mill Creek syncline it occurs in five faulted and discontinuous areas. The 
structure of the Viola group is similar to that of the underlying Simpson rocks. 
In addition to the foregoing occurrences, nine other localities were noted. These 


are in the form of slightly raised hills where rocks of the Viola limestone, asso- 


ciated with upper Simpson rocks, occur in a peculiar form. 

The Viola limestone can be divided into two units. The lower unit (Trenton) 
is composed of light gray to buff, finely crystalline, thinly bedded limestones and 
interbedded cherts. The upper unit (Fernvale) is composed of gray to light gray, 
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massively bedded to thinly bedded, coarsely crystalline limestones. The lower 
cherty and finely crystalline member has an average thickness of 400 feet. The 
upper coarsely crystalline member has an average thickness of 80 feet. The thick- 
ness of the Viola group is 461 feet in Sec. 21, T. 1 S., R. 3 E. These rocks have a 
thickness of 420-550 feet in Secs. 30 and 31, T.1S., R.4 E. 

Sylvan shale-—The Sylvan shale crops out only in the Mill Creek syncline. 
It is found in three isolated localities in Secs. 22 and 23, T. 1 S., R. 3 E. The 
Sylvan shale is poorly exposed, since it forms a narrow valley between the more 
resistant Hunton and Viola limestones. Tais formation is the typical greenish 
gray, finely textured, slightly calcareous shale in the upper part, with a black, car- 
bonaceous, slightly dolomitic shale in the basal part that has been described in 
other reports dealing with this formation in the mountains. The thickness of the 
formation was found to vary from 60 feet in Sec. 6, T. 2S., R. 4 E., to 210 feet in 
Sec. 12, T. 2S., R. 4 E. The average thickness of this formation is about 140 feet. 
Undoubtedly variations in thickness in different localities are largely due to 
flowage in the soft shale because of extreme folding. 


SILURO-DEVONIAN 
HUNTON GROUP 


The Hunton group occurs only in the Mill Creek syncline. There are three 
isolated localities of outcrop which are the result of faulting. In each place the 
Hunton group overlies the Sylvan shale. The Hunton group forms a low, rounded 
ridge above the Sylvan shale and the lower Woodford shale. All four divisions, 
as described by Reeds, were recognized in the mapping. However, no attempt 
was made to map the several formations. 

The Chimney Hill limestone, at the base of the Hunton group, has a thin, 
white to gray odlitic limestone as a basal member; a middle member of white, 
finely crystalline, glauconitic limestone; and an upper member of pink to white, 
finely to coarsely crystalline limestone. Small amounts of chert are present in the 
upper two members. 

The Henryhouse shale and Haragan shale are lithologically very similar and 
could be divided only on the basis of the contained fossils. These formations con- 
sist of white to gray, soft, thinly bedded, marly limestones, with a few thin 
layers of resistant limestone. 

The Bois D’Arc limestone at the top of the Hunton group is composed of 
white, coarsely crystalline limestone. This formation contains considerable inter- 
bedded chert in the upper part. This formation is not represented in all exposures 
of the Hunton group, being cut out by the pre-Woodford erosional interval. In 
one locality a thin, hard, quartzitic, asphaltic sandstone overlies the limestone. 

Measured sections of the Hunton group in the Mill Creek syncline vary in 
thickness from 162 feet to 360 feet. The group has a thickness of 206-232 feet in 
Secs. 22 and 23, T.1S., R. 3 E. 
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MISSISSIPPIAN 


Woodford shale—The Woodford shale is exposed only in the Mill Creek syn- 
cline. It normally overlies the Hunton limestones unconformably. The western- 
most exposure in Sec. 21, T. 1 S., R. 3 E., shows this formation in contact with 
the Viola limestone. This relationship is produced by faulting. The Woodford 
shale is exposed in its normal stratigraphic relationship a short distance east- 
ward. This exposure is restricted by faulting and the overlapping of the Pontotoc 
conglomerates. Areas of exposure in two localities in Secs. 22 and 23, T. 1 S., 
R. 3 E., reveal this formation in contact with rocks of the Hunton and Viola 
as the result of faulting. 

The Woodford shale is surficially expressed by a wooded ridge or slope. It is 
composed of gray to brown and black, thinly bedded, siliceous shales. The forma- 
tion is the most readily recognized unit in the mountain area. Measured sections 
of the formation vary in thickness from 365 to 455 feet in the Mill Creek syncline. 
The formation has a thickness of 424 feet in Sec. 22, T. 1 S., R. 3 E. 

Sycamore limestone-—The Sycamore limestone occurs above the Woodford 
shale in Secs. 22 and 23, T. 1 S., R. 3 E., and crops out only in the Mill Creek 
syncline. 

The Sycamore limestone is bluish gray on fresh exposure, yellowish to brown- 
ish on weathered exposure, and is finely crystalline and slightly siliceous. The 
color of the weathered rock is very distinctive. It serves definitely to define the 
upper limits of the Woodford shale, which greatly resembles the overlying lower 
Caney shale. The Sycamore limestone has a thickness ranging from 1 to 5 feet in 
various exposures. 

Caney shale—Immediately overlying the Sycamore limestone is a series of 
gray to brownish shales succeeded by darker-colored shales. Numerous zones of 
limestone concretions were noted in the lower part. These shales are exposed only 
in the Mill Creek syncline in Secs. 22, 23 and 24, T. 1 S., R. 3 E. They weather 
rapidly and can be viewed only in isolated exposures. At no place is a measure- 
ment of their thickness possible. 


PENNSYLVANIAN 


Lower Pennsylvanian.—The Lower Pennsylvanian rocks are exposed only in 
the Mill Creek syncline where they have been downfaulted and highly folded 
between the older, more competent rocks of Mississippian, Devonian, Silurian, 
and Ordovician age. Lack of time for extensive study and poor exposures were 
the reasons for only a fair idea of their structure, lithologic character, and strati- 
graphic relationship. 

At several localities beds of dark gray, soft fissile shale of Pennsylvanian 
Caney or Springer age were noted. These beds overlie the Mississippian Caney 
shales and are assumed to have a stratigraphic relationship similar to that of the 
Atoka basin, on the north, and the Ardmore basin, on the south. 

The Springer shales are overlain by a sandstone and limestone series inter- 
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bedded with shale. This series has an approximate thickness of 450-500 feet. 
These beds of limestone and sandstone crop out from the town of Mill Creek 
westward for a distance of approximately 6 miles. In many outcrops, dips are 
very steep. The sandstones in this series are medium- to fine-grained and in 
many places are shaly. The limestones are bluish gray, finely crystalline, fossil- 
iferous, and odlitic. In the restricted area of this report, a small exposure of these 
rocks occurs near the center of the south line of Sec. 24, T. 1 S., R. 3 E. These 
rocks are tentatively considered as being the correlative of the Wapanucka- 
Cromwell section of the Atoka basin. 

Lower and Middle Pennsylvania.—Overlying the Lower Pennsylvanian ‘ens 
already described, is a series of sandstones, shales, and limestones interbedded 
with limestone conglomerates which comprise a considerable thickness of strata. 
There is a marked lithologic change from that in the Lower Pennsylvanian beds. 
These rocks northeast of Mill Creek can be seen in one place to overlap the 
odlitic limestone section of the underlying Lower Pennsylvanian. This overlap- 
ping condition is a marked change from the parallel bedding of the rocks below. 
An unconformity of considerable importance is indicated. Poor exposures made it 
impossible to determine the true stratigraphic relationships of this series within 
itself. However, the recurrent limestone conglomerates suggest possible sedi- 
mentary breaks of importance which may indicate further unconformity. These 
beds, like the Lower Pennsylvanian rocks, are steeply folded into the Mill Creek 
syncline. This series of rocks is correlated, at least in part, with the Des Moines 
and Missouri groups of central and northern Oklahoma, and the Deese and Hox- 
bar groups of the Ardmore basin. 

Upper Pennsylvanian.—The Pontotoc comglomerates are exposed along the 
western border of the mountain area. They are composed of limestone con- 
glomerates, sandstones, and shales, with a few beds of thin limestone. These 
beds can be seen to overlap all rocks ranging from the Middle Pennsylvanian to 
the Arbuckle limestone. Minor folding and faulting in the Pontotoc conglomer- 
ates were noted. These rocks have not been folded into the mountains as have all 
older strata. The attitude of the conglomerates does indicate, however, post- 
Pontotoc folding of some magnitude. 


ERRATIC MASSES 
GENERAL 


The occurrence of thirteen erratic masses on the truncated rocks of the Belton 
anticline and the Sulphur syncline is of special interest. These masses occur over 
an area of approximately 3 square miles in known outcrop. There are four in the 
area of the Sulphur syncline. The remaining nine occur on the Belton anticline. 
Some evidence was noted to indicate that other erratic masses may be present. 

The thirteen erratic masses vary greatly in size.? The smallest is to be found 


3 W. E. Ham, personal communication dated January 19, 1945. A fourteenth erratic mass mapped 
and described in the SE. 3, NW. 3, NE. } of Sec. 14, T. 1 S., R. 3 E., is reported by Mr. Ham. It is 
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in Sec. 12, T. 1 S., R. 3 E., and is approximately go feet in diameter. It is almost 
round in pattern. The largest mass is in Sec. 14, T. 1 S., R. 3 E. It measures 600 
feet in length north and south, and 280 feet in breadth. There are three masses 
approaching a circular design. The remaining ten are oblong and are aligned 
northwest and southeast. 

One mass is composed almost entirely of rocks of Viola (Trenton) age. The 
rocks in seven of the masses are of Viola (Trenton) and upper Bromide age. The 
remaining five are composed chiefly of Bromide and McLish rocks. 

The internal structure of each erratic mass is extremely complex. The rocks 
themselves are highly broken and shattered, and many are “mixed.” In most 
places, dips of the rocks of the erratic masses are very steep. In:some places, the 
original boundary of the individual formations can be determined. The original 
bedding has been preserved. If there is any mappable structure in the indi- 
vidual masses, it appears to be synclinal. The general dip in the erratic masses 
seems to be toward the center of the mass. However, the rocks are so highly 
folded, faulted, and “mixed” that an individual structure can not be assigned to 
each of the masses, or any simple structure to any single mass. In general, it 
might be noted that the complexity of the structure is more pronounced in the 
smaller masses; this, however, is a matter of relative complexity, none being 
simple. 

As previously stated, four erratic masses are superposed on the Sulphur 
syncline, all known masses being located in Sec. 12, T. 1 S., R. 3 E. The north- 
ernmost mass is approximately 2,350 feet west and 1,900 feet north of the south- 
east corner of the section. It is within about 100 feet of the overlapping Pontotoc 
conglomerates. Its position is slightly less than } mile north of the fault and (or) 
flexure denoting the southern limit of the Sulphur syncline. This mass is elongate 
in a northwest-southeast axis. It is 290 feet in length and 200 feet in width. It 
is composed of Viola (Trenton) and upper Bromide rocks. The mass is super- 
posed on rocks of Bromide age, dipping about 40° N.NE. 

The smallest of the erratic masses is 2,150 feet west and 1,350 feet north of 
the southeast corner of Sec. 12, T. 1 S., R. 3 E. It is about 600 feet south-south- 
east of the previously described mass, and less than 500 feet from the Pontotoc 
overlap. This mass is almost circular and has a diameter of approximately 90 
feet. It is composed of rocks of Viola (Trenton) age almost entirely. These rocks 
are highly shattered. The mass is situated on sandstone of the McLish formation. 
The underlying rocks dip northwest at about 35°. 

One of the most evident and best exposed of the erratic masses is about 1,050 
feet west and 250 feet north of the southeast corner of Sec. 12, T. 1 S., R. 3 E. 
It is approximately } mile southwest of the Pontotoc overlap. It is the eastern- 
most of the known erratics. Its position is about 1,500 feet north of the southern 


circular in outline, having a diameter of 500 feet. The mass shows typical erratic dip. Many of the 
blocks are typical birdseye limestone, which are identified with the upper part of the McLish lime- 
stone. This mass is located about 300 feet north of the mass shown in Figure 3, and straddles the 
McLish sandstone-limestone contact. State Highway No. 18 cuts through the eastern edge of the 


mass. 
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limit of the Sulphur syncline. This mass is elongate northwest and southeast. 
It is 425 feet in length and 160 feet in width. The rocks of this mass are Viola 
(Trenton) and upper Bromide in age. The mass is situated on limestones of the 
Oil Creek formation, and slightly overlaps the upper sandstone member of the 
Oil Creek formation. The underlying Oil Creek limestones dip northward at about 


The fourth mass which is superposed on the Sulphur syncline is roo feet east 


and 1,000 feet north of the southwest corner of Sec. 12, T. 1 S., R. 3 E. It is 
within 750 feet of the Pontotoc overlap. This mass is only a few feet from the 
south boundary of the Sulphur syncline, and may slightly overlap the rocks of 
the Belton anticline. This mass is slightly elongate northwest and southeast. It is 
480 feet in length and 400 feet in width. The rocks of this mass are thought to be 
lower Bromide and McLish in age. They are superposed on the limestones of the 
McLish formation, which dip about 40°NE. 

There are nine known erratic masses on the Belton anticline. The easternmost 
is about 500 feet east and 300 feet south of the center of Sec. 13, T. 1 S., R. 3 E. 
It is approximately 1,700 feet southwest of the north limit of the Belton anti- 
cline. This mass is about ? mile south and 1} miles east of the Pontotoc overlap. 
It is slightly elongate, being 260 feet in length in a north-south axis, and 180 feet 
in width. It is composed of Viola (Trenton) and upper Bromide rocks. This mass 
is situated on the upper part of the sandstone member of the Oil Creek formation, 
with remnants of Oil Creek limestone underneath the mass. The Oil Creek rocks 
dip 8° NW. 

A second mass, on the sandstone member of the Oil Creek formation, is 
1,350 feet east and 200 feet south of the northwest corner of Sec. 24, T. 1 S., R. 
3 E. It is slightly more than 1 mile east and 1} miles south of the Pontotoc over- 
lap. It is the most remote from that overlap, and is about goo feet north of the 
south limit of the Belton anticline. This mass is slightly elongate and irregular, 
with the long axis almost north-south. It has a length of about 330 feet and a 
width of 170 feet. The mass is composed of limestones of Viola (Trenton) and 
upper Bromide in age. As stated, this mass is on the upper standstones of the 
basal member of the Oil Creek formation, which are inclined westward at less 
than 10°. 

At a point about 150 feet east of the southwest corner of Sec. 13, T. 1 S., R. 
3 E., a small erratic mass of Viola (Trenton) and upper Bromide limestones is 
superposed on the lower limestones of the upper member of the Oil Creek forma- 
tion. This mass is slightly elongate northwest and measures about 150 feet in 
length and 130 feet in width. The Oil Creek limestones dip approximately 7° W. 
This mass is about 700 feet north of the south limit of the Belton anticline. The 
rocks in the mass are highly broken, shattered, and “mixed,” more so than in 
most of the masses. The rocks appear as a slightly raised hill and can be seen to 
lie on the Oil Creek limestones. 

A fourth erratic mass on the Belton anticline occurs 1,300 feet east and 2,300 
feet south of the northwest corner of Sec. 13, T. 1 S., R. 3 E. It is about 2,000 
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feet south of the north boundary of the Belton anticline. This mass is definitely 
elongate with a northwest-southeast axis. It is 120 feet in width and 250 feet in 
length. The rocks of this mass are Viola (Trenton), lower Bromide, and possibly 
McLish in age. The mass is situated on the limestones of the upper member of 
the Oil Creek formation. The underlying Oil Creek limestones dip about 7° or 
8° NW. 

A unique mass occurs about 1,000 feet northwest of the one last described. 
It is 450 feet east and 1,650 feet south of the northwest corner of Sec. 13, T. 
1 §., R. 3 E. This mass has a position, with respect to the Belton anticline, 
similar to that of the mass just previously described, being slightly north of the 
anticlinal axis. It is circular in plan with a diameter of approximately 240 feet. 
This mass is almost entirely dense, gray limestone correlated with similar lime- 
stones in the McLish formation, but could possibly have been derived from beds 
in the basal part of the Bromide formation. There are some remnants of Viola 
(Trenton) limestone. This is the only erratic mass made up of these rocks. The 
mass lies on the limestones of the Oil Creek formation which dips about 8° NW. 

At a distance of about 1,800 feet north of the south limit of the Belton anti- 
cline is an erratic mass of lower Bromide and McLish rocks partly superposed on 
the limestones at the top of the Oil Creek formation, and partly on the lowermost 
sandstones of the McLish formation. It is 1,800 feet west and 1,700 feet north of 
the southeast corner of Sec. 14, T. 1 S., R. 3 E. This mass is approximately 2,500 
feet east of the Pontotoc overlap. It is elongate northwest and southeast, and 
covers an area approximately 420 feet in length and 330 feet in width. The lime- 
stones of the Oil Creek formation dip about 8° NW. 

Located 350 feet_west and 1,150 feet south of the northeast corner of Sec. 14, 
T.15S., R. 3 E., is the largest and one of the most prominent of the erratic masses. 
This mass is slightly more than } mile south of the Pontotoc overlap and nearly 
2 mile east of that overlap. Its length is approximately 600 feet and its width 
280 feet. It is elongate north and south. The rocks of this mass are thought to be 
lower Bromide or McLish in age and rest on the basal part of the sandstone mem- 
ber of the McLish formation. The dip of the rocks of the Belton anticline is 
about 8° NW. in this locality. 

The most noticeable erratic mass from a topographic standpoint, and only 
slightly smaller than the largest mass, about { mile northeast, is located about 
1,500 feet west and 1,800 feet south of the northeast corner of Sec. 14, T. 1 S., 
R. 3 E. It is slightly more than } mile east and 4,000 feet south of the Pontotoc 
overlap. It is in the center of the Belton anticline in a transverse direction. The 
mass is elongate northwest and southeast. It is approximately 375 feet in length 
and 310 feet in width. This mass, composed of Viola (Trenton) and upper Bromide 
rocks, forms a small, oblong hill on sandstones of the McLish formation. The 
structure of this mass, although highly complicated, has evidence of a general dip 
toward its center. The rocks of the underlying McLish formation are thought 
to be dipping, as in most places, 8° NW. 
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The westernmost of the erratic masses is approximately 1,000 feet south of 
. the center of the north line of Sec. 14, T. 1 S., R. 3 E. This mass is the nearest of 
the masses to the Pontotoc overlap of those superposed on the Belton anticline. 
It is slightly more than 1,000 feet east of that contact. Its location is near the 
center of the Belton anticline in a transverse direction. The general pattern of the 
mass is circular. It is about 325 feet in diameter. The rocks composing this mass 
are Viola (Trenton) and upper Bromide in age. The general structure of the mass 
is indicated to be synclinal by dips toward the center of the mass. It is at this 
mass that the clearest idea of the relationship of the rocks of the mass and the 
underlying rocks of the Belton anticline can be observed. A single limestone bed 
of the McLish limestone member, on which this mass rests, can be traced nearly 
to the north edge of the mass, and can also be noted without apparent disturb- 
ance near the south edge of the mass. The McLish limestones dip 8° NW. 


*COMPARISON OF ERRATIC MASSES OF ARBUCKLE REGION WITH ERRATIC 
BOULDERS OF OUACHITA REGION 


The erratic masses south of Sulphur in the northern Arbuckle Mountains may 
raise the question of origin similar to that propounded by various authors for 
erratic boulders of the Ouachita area. 

The erratic boulders of the Ouachita area approach in size, and some exceed 
in size, the erratic masses in the Sulphur area. The erratic boulders, in general, 
however, are much smaller. 

The erratic boulders of the Ouachita region are more widespread, occurring 
throughout the area of the outcrop of the Johns Valley shale in the Ouachita 
Mountains. The area containing these exposures is approximately 20 miles in 
width and 125 miles in length. The erratic masses of the Sulphur area occur in an 
area of approximately 3 square miles. 

The erratic boulders of the Ouachita region are described as being inclusions 
within the Johns Valley shale. As nearly as is known at present, there is no indica- 
tion that the erratic masses at Sulphur have ever been included in any strata 
since their placement. 

There is considerable difference in the age of the rocks in the erratic masses of 
the Sulphur area and the erratic boulders of the Ouachita area. The erratic 
boulders range in age from Lower Pennsylvanian limestone to Arbuckle limestone, 
while the age range of the erratic masses, as far as is known, is restricted to rocks 
ranging from Viola (Trenton) to McLish. 

In all descriptions of the many erratic boulders of the Ouachita region, and 
in observations of the writer, no mention or note has been made of deformation 
within the erratic boulders themselves, with the exception of striae and rotational 
movement. The erratic masses of the Sulphur area, as indicated in the previous 
discussion, are highly shattered, broken, and “mixed.” 

A further difference in the erratic boulders of the Ouachita area from the 
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erratic masses as they occur in the Sulphur area is to be found in the exotic 
nature of the boulders in the Ouachita Johns Valley shale; that is, the boulders 
included in the Johns Valley shale are of a facies different from that of the known 
underlying Ordovician and in some places the Siluro-Devonian rocks of the 
Ouachita Mountains themselves. The erratic masses in northern Arbuckle Moun- 
tains can not be classified as exotic, since the rocks making up the individual 
masses are the same as the rocks in the near-by outcrop. 

’ All available data would indicate that the age of the erratic boulders of the 
Ouachita region is possibly Johns Valley since they are included in the Johns 
Valley shales. This age assignment to the erratic boulders would apply to all 
theories with respect to their origin, with the exception of thrust faulting. If their 
origin is from thrust faulting, the date of accumulation of the boulders in the 
Johns Valley shale would then be the date of folding in the mountains and not 
necessarily the age of the Johns Valley shale in which they are included. The 
erratic masses of the northern Arbuckles are thought to be post-Hoxbar-pre- 
Pontotoc in age, since they are superposed on the eroded and truncated Simpson 
rocks. No positive evidence is available to indicate that they are not post- 
Pontotoc. However, the attitude of the erratic masses and the observed field rela- 
tions strongly suggest that they were present before the deposition of the Pon- 
totoc conglomerates and suffered erosion along with the underlying Simpson 
rocks, 

ORIGIN OF ERRATIC MASSES 


GENERAL 


The origin of the erratic masses south of Sulphur presents many and varied 
perplexing problems. Many of the questions which arise in the attempt at a logi- 
cal solution of their origin are closely related to the physiographic, structural, 
and orogenic history of the mountains themselves. 

An attempt is made to state certain possibilities of origin, which, in the course 
of the writer’s study, have presented themselves. The facts in each case, as well 
as the fallacies, are stated as each possibility is presented. 


OUTLIERS OF PONTOTOC OVERLAP 


The possibility of explaining the origin of the erratic masses as outliers of 
the Pontotoc overlap has been entertained. These masses are 100 feet to 1} miles 
of the present outcrop of the Pontotoc overlap. Outliers are found in many places 
at distances exceeding those here observed. The distance from the present Pon- 
totoc outcrop is certainly within reason. Pontotoc outliers are present in several 
localities in this area. They do not, however, occur at as great a distance from 
the present outcrop of the overlap as do some of the erratic masses. In eliminat- 
ing this possibility of origin, a study of several of the masses is sufficient to 
convince one that the materials in the masses are much different from the 
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rounded, weathered conglomerates of the Pontotoc. The material of each mass 
is well restricted, in most places, to short intervals in the stratigraphic sec- 
tion, whereas the material of the Pontotoc is truly a conglomerate. There is 
also a marked degree of preservation of the original bedding of rocks in the er- 
ratic masses. Nowhere is the original bedding of the derived rock preserved 
within the Pontotoc conglomerates. Further, the degree of weathering of the 
materials and the secondary deposition are highly different in the masses and in 


the Pontotoc conglomerates. 
CIRCULAR FAULTS 


Downfaulting of an extreme type, such as would allow these circular and 
elongate masses to be displaced, has been suggested as a possible origin. This pos- 
sibility is easily eliminated by the examination in the field. There is no direct 
evidence that such faults are present. In all instances, except one, there is no 
faulting in the rocks of the Belton anticline and Sulphur syncline near to the 
erratic masses to allow this possibility any credance whatsoever. For a singular 
case, such a complicated fault might be possible. However, when viewed in the 
light of the necessity of twelve exactly similar cases in so small an area, it is pre- 


posterous. 
EROSIONAL SLUMPING 


A third possibility of origin, that of erosional slumping to account for the 
erratic masses, has been considered. In order to credit this as a possibility, it 
would be necessary for the rocks now appearing in the erratic masses to have suf- 
fered erosional slumping in excess of 1,700 feet for those masses superposed on the 
Oil Creek sandstones. The probability of slumping of the materials comprising 
the erratic masses for so great a vertical and stratigraphic distance through the 
varied section of rocks of the Simpson formation without the aid of structural 
forces seems impossible. The occurrence of the erratic masses on both the Belton 
anticline and the Sulphur syncline presents difficulties in explaining the erosional 
slumping theory. As in the case of circular faulting, the explanation of a singular 
mass would not entail the difficulties that would arise in the explanation of twelve 


like masses. 
GLACIATION 


Glaciation within the Arbuckle Mountains, if present during late Pennsyl- 
vanian time from Hoxbar to Pontotoc, might have produced erratic masses of 
the type in the Sulphur area. In the field examination, no direct evidence of 
glaciation was noted in the form of glacial striae in the rocks of the masses or 
otherwise. No evidence of glacial pebbles or cobbles, roches: moutonnées, eskers, 
moraines, drift, or other type of glacial débris was noted. 


NORMAL FAULTING 


The possible presence of a normal fault scarp in the area, of sufficient magni- 
tude to allow the placement of the erratic masses in their present position, has 
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been carefully considered. Cursory study of the area is all that is necessary to 
determine that faulting of sufficient magnitude is present. The possibility of a 
scarp on the north, allowing the placement of the erratic masses, can immediately 
be dismissed because of the presence of erratic masses on the Sulphur syncline 
as well as the Belton anticline. Faulting north of the present exposure of Ordo- 
vician rocks in the Sulphur syncline is not entirely eliminated. However, no 
faulting is known within a reasonable distance which could have produced the 
masses. A fault scarp of several thousand feet in height on the south would have 
been necessary. If such an escarpment had been present, and had there been a 
collection of large masses within the talus north of the fault, and had subsequent 
erosion removed the less resistant and smaller materials of the talus, the erratic 
masses could have been deposited. 

The most serious objection to derivation of the erratic masses from a normal 
fault scarp arises from the fault itself, not in the material now making up the 
masses, or the placement of the masses in their present positions. As noted, nine 
of the erratic masses are wholly on the Belton anticline. Since the Belton anticline 
is one of the major mountain structural features, the possibility of an upthrown 
mass at the south, in the Mill Creek syncline, seems unlikely. If, however, the 
Belton anticline and Sulphur syncline during middle and late Pennsylvanian 
were synclinal and an upthrown block in normal position were present in the 
position of the Mill Creek syncline, the fault escarpment might have been a 
source. The location of the fault scarp can hardly be reckoned south of the present 
limit of the Mill Creek syncline, since no erratic masses are known to be present 
in the area of the Mill Creek syncline itself. An assumption that the erratic 
masses might have originated from a fault scarp of normal relationship seems 
contrary to the structural history of the mountains and therefore must be highly 
questioned. 


THRUST FAULTING 


The possibility that thrust faulting might have produced erratic masses of the 
type noted south of Sulphur deserves consideration. There are two possibilities of 
this nature. However, they are merely a difference in degree. The first possibility 
is that of a low-angle overthrust where the thrust sheet was superposed on the 
eroded surface of the Belton anticline and Sulphur syncline. The subsequent 
erosion of the major part of the thrust sheet might have left the present erratic 
masses in somewhat the form they are at the present time. The erratic masses 
would then assume the category of klippen. 

The second possibility, that of a relatively high-angle overthrust, would pre- 
clude a thrustal or compressional movement in the Mill Creek syncline at a time 
subsequent to the initial erosion of the Belton anticline and the Sulphur syncline. 
The resulting fault scarp would then have been able to furnish blocks which were 
deposited on the eroded and truncated rocks of the Belton anticline and Sulphur 
syncline. Later erosion would have then been necessary to remove the talus and 
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detrital material which collected in front of the fault scarp, leaving the present 
erratic masses in approximately their present form prior to the overlap of the 
Pontotoc conglomerates. 

The areal geology of the Mill Creek syncline reveals some peculiar and per- 
tinent data which suggest thrustal movement in a position that strongly sup- 
ports one or the other of the foregoing two contentions relative to the origin of 
the erratic masses. It is noted on the areal geologic map that a small area of 
steeply dipping rocks of Pennsylvanian age is present near the center of the north 
line of Sec. 23, T. 1 S., R. 3 E., between Upper Ordovician, Siluro-Devonian, 
and Mississippian rocks of the Mill Creek syncline and Ordovician (McLish) 
rocks of the Belton anticline. The presence of this block of Pennsylvanian rocks 
in such a position indicates rather conclusively that thrust faulting is necessary 
to have produced this situation. The small outlier of Pennsylvanian rocks wedged 
between the older sediments presents many and varied problems. Is it now in its 
original position having been overridden by the thrust mass? Or, was it a sep- 
arate part of the thrustal movement and in its present position because of this 
movement? In speculation on the possibilities, more questions than answers are 
possible. 

The areal geologic map shows that the trace of the fault south of the Penn- 
sylvanian outlier is considerably curved. It bends back sharply toward the south- 
southeast near the center of the west half of Sec. 22, T. 1 S., R. 3 E., at nearly a 
right angle to its normal course. The sinuous trace of this fault is good evidence 
of thrustal movement. Further study of the segment of Mississippian, Siluro- 
Devonian, and Upper Ordovician rocks indicates that a smaller segment of 
Woodford rocks near the center of Sec. 22, T. 1 S., R. 3 E., has moved over rocks 
of Hunton, Sylvan, and Viola age of the larger segment. This smaller segment has 
likewise moved a distance of 500 feet northward with respect to the segment im- 
mediately east. The east segment of Woodford and Hunton rocks appear to have 
moved over the Viola and Bromide of the segment on the north. Furthermore, 
the entire segment of Mississippian, Siluro-Devonian, and Upper Ordovician 
rocks south of the small Pennsylvanian outlier appears to have moved northward 
with respect to the area on the west a distance of 1,300 feet for the Hunton lime- 
stone and 1,600 feet for the Viola limestone. In addition, there appears to have 
been a rotational movement which has moved the east end of the entire segment 
of Mississippian, Siluro-Devonian, and Upper Ordovician rocks northwestward 
from the Viola, Bromide, and McLish rocks in Sec. 24, T. 1 S., R. 3 E. This move- 
ment would have displaced the segment of Mississippian, Siluro-Devonian, and 
Upper Ordovician rocks a distance of about 7,000 feet at the Viola-~-Bromide 
contact. This calculated movement is measured in the more stable part of the 
segment of Mississippian, Siluro-Devonian, and Upper Ordovician rock. 

The weight of evidence suggests to the writer that the origin of the erratic 
masses was in thrustal movement. Any conclusions about the type of thrustal 
movement must be derived from the areal distribution of the rocks, the structure 
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of the rocks, and the structural history of the area. Concrete information about 
the hade of the faults is lacking in the field data. The curved nature of the fault 
suggets a low-angle fault plane. Although there is overturning in the segment of 
Mississippian, Siluro-Devonian, and Upper Ordovician rocks, or the thrust seg- 
ment, the overturning has not been to the extent normally deemed necessary for 
a low-angle thrust. The position of the erratic masses northeast of the thrusted 
segment of Mississippian, Siluro-Devonian, and Upper Ordovician rocks roughly 
in alignment with that segment, is worthy of note. The areal distribution of Upper 
Ordovician rocks in the thrust segment causes one to wonder if the origin of the 
erratic masses is not indicated by this areal distribution. There appears to have 
been rotational movement toward the northwest for a distance of approximately 
7,000 feet. The thrustal movement, thought to have been from the southwest, 
may have deposited part of the thrust segment as a sheet on the eroded and up- 
turned rocks of the Belton anticline and Sulphur snycline. Extensive erosion 
followed, leaving the erratic masses as restricted remnants. 

The thrusted mass is thought to have been produced in post-Hoxbar time, as 
evidenced by the overriding of the small Pennsylvanian outlier. The placement 
and erosion of the erratic masses in nearly their present form was completed be- 
fore the deposition of the overlapping Pontotoc conglomerates. The agencies of 
erosion must have been extremely severe to have denuded the upthrust part of 
the Mill Creek syncline at a rate equal to the erosion of the thrust sheet and the 
surrounding mountain area. This rapid erosion is also shown in the composition 
of the Pontotoc conglomerates. A fault scarp of enormous height would not have 
been necessary and the thrust sheet would not have needed to have disturbed the 
general contour of the mountains to any large degree. 

If the thrust fault were of the high-angle type and the erratic masses the result 
of collection of large blocks in the talus at the foot of the fault scarp, the fault 
scarp would necessarily have been relatively high, if one considers the position 
of the most distant of the erratic masses at slightly under 2 miles from the fault. 
The denudation of the thrusted segment to a point at or below the level of the 
erratic masses is difficult to conceive. The assumption of severe and rapid erosion 
which probably was taking place would be hard to imagine since the broken talus 
material would certainly have been removed much more easily and rapidly than 
the material of the consolidated thrust segment. 

In a study of the structural features of the upper regions of the Mill Creek 
syncline, other evidence of compressional forces is to be noted. In these cases, the 
data indicate that the major associated faulting is of the thrust type, but of rela- 
tively high angle. The east part of the Mill Creek syncline is highly restricted. The 
more stable blocks of the Tishomingo anticline on the south and Belton anticline 
on the north not only have created a very active compressional force, but also 
have had an effect in the less competent rocks comparable with underthrusting. 
This has resulted in high-angle thrust faulting. : 

As has been shown, the various facts or inferences relative to the type of fault- 
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ing that might have produced the erratic masses is contradictory. The inferences 
about the upper part of the Mill Creek syncline point to faulting of high-angle 
type. The data available near the erratic masses, however, are contradictory and 
suggest faulting of the low-angle type. In reviewing and evaluating these data, 
the writer has concluded that the origin of the erratic masses is thrust faulting in 
the Mill Creek syncline and that such faulting probably was of a low-angle type. 
In short, the present erratic masses are klippen. 


STRUCTURAL HISTORY OF ARBUCKLE MOUNTAINS 


In the discussion of the origin of the erratic masses in the area south of Sul- 
phur, it was necessary to consider the structural history of the Arbuckle Moun- 
tains. This treatment of structural history was confined only to the forces neces- 
sary for the formation of the erratic masses. 

All formations from the Arbuckle limestone to and including the strata of 
Lower Pennsylvanian age, as exposed in the Mill Creek syncline, are essentially 
parallel-bedded; that is, no large angular unconformity is present in those series 
of rocks. There are, however, minor breaks in deposition. In one place, at least, 
an erosional break of continental scope is present. 

In the Arbuckle limestone several breaks in deposition are probably present, 
as suggested by brecciated limestones contained in it. The deposition of the Ar- 
buckle limestone probably took place in a well defined basin or geosyncline which 
had only minor movements to disturb or interrupt.deposition. The same condi- 
tion is probably applicable to the Simpson rocks. Minor oscillation of the seas, 
much more pronounced than during Arbuckle time, produced a series of rocks 
much more varied in character than the Arbuckle limestone. The thick basal 
sandstones of the Oil Creek, McLish, and Bromide formations, at least in local 
development, suggest possible breaks in deposition. Field data point to a minor 
erosional interval between Viola (Trenton) and Bromide time. This, however, as 
near as could be ascertained, was local and did not disturb greatly the parallelism 
of bedding. Subsurface data north of the Arbuckle Mountains indicate that a 
break of some importance may be present between lower Viola (Trenton) and 
upper Viola (Fernvale) time. No evidence of a time break between the Fernvale 
and Sylvan was noted in the field data. During Siluro-Devonian time one break 
of some consequence is noted. This occurs between the Haragan and Henry- 
house marls. This break, furnishing evidence of an erosional interval, does not, 
however, disturb the general conformity of the bedding. 

An erosional interval of importance took place between the deposition of the 
Bois D’Arc limestone and the deposition of the overlying Woodford shales. This 
angular unconformity was not found to disturb the parallelism of bedding of 
the formations to any marked degree. In other areas it is known to have consid- 
erably more importance. This unconformity represents a movement of continental 
scope which did not contribute to the orogeny of the Arbuckle Mountains. 

The overlying Mississippian and Pennsylvanian rocks studied in the Mill 
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Creek syncline appear to be parallel-bedded up to and including the series of 
rocks correlated with Morrow. It is believed that this same relation is generally 
true for the areas north and south of the mountains where the rocks have been 
studied in the subsurface. 

Thus, from Arbuckle time to and including Morrow time no evidence is avail- 
able to indicate that the sedimentary basin, which is now the Arbuckle Moun- 
tains, was greatly disturbed. In other words, the orogenic movement that pro- 
duced the Arbuckle Mountains occurred after the deposition of these beds. 

An angular unconformity is present in the Arbuckle Mountains which is 
post- Morrow in age. This is evidenced by the angularity of bedding between the 
rocks of Morrow time and those of Deese time. The rocks of Deese age can be 
seen to overlap those of Morrow age northwest of the town of Mill Creek. 
This angularity in bedding probably places the original movement in this part 
of the Arbuckle Mountains in early Atoka time. Some evidence is at hand to 
suggest that the initial folding started in the east part of the mountains and, as 
the folding progressed, it gradually affected parts of the mountains westwardly. 
The presence of limestone conglomerate beds in the series, which are correlated 
with the Des Moines and Missouri group, suggests that folding may have oc- 
curred at several periods during their deposition. 

Evidence north of the Arbuckle Mountains indicates that at least three in- 
terim periods of folding took place. These are pre-Thruman, pre-Wewoka, and 
pre-Vamoosa. The final folding took place in pre-Pontotoc time since beds of 
Pontotoc age overlap strata of all preceding depositions. The folding was prob- 
ably progressive in a westward direction from Atoka to Pontotoc time. Some 
folding took place post-Pontotoc, but this folding was minor and probably con- 
tributed little to the structure of the mountains. During late Pennsylvanian and 
Permian time the mountains were being worn down to a rather flat plane and 
were subsequently overlapped by Cretaceous sediments after being downfolded. 

Thus, the two major periods of folding occurred in early Atoka and in pre- © 
Pontotoc time. The former saw the beginning of the Arbuckle orogeny and the 
latter saw the end of the orogeny. Certainly the movement in the Wichita 
Mountains in post-Pontotoc time did affect the Arbuckle Mountains, but not in 
a mountain-building sense. 
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GEOPHYSICAL HISTORY OF SOUTH HOUSTON SALT DOME 
AND OIL FIELD, HARRIS COUNTY, TEXAS! 


J. BRIAN EBY? 
Houston, Texas 
ABSTRACT 

The South Houston salt dome was discovered by the Stanolind Oil and Gas Company, by use of 
the torsion balance, in May and June, 1934. 

The structure was confirmed a few weeks later by reflection seismograph, by the Independent 
Exploration Company, under contract to the Stanolind. 

The original gravity anomaly was partly obscured by the influence of a large regional gravity- 
minimum area, commonly referred to as the “Pearland regional minimum.” 

The discovery of the South Houston salt dome is unique in respect to the accuracy with which 
the domal uplift was localized and the very limited amount of work necessary to find it. 

Subsequent drilling confirmed the salt dome, and oil was discovered in commercial quantities 
immediately thereafter. 

The South Houston salt dome and oil field are several miles south and east of 
Houston, Harris County, Texas. The center of the dome is in the H. T. and B. 
Survey No. 5, the west flank extends into the Mary Nichols Survey and the north 
flank into the Callahan and Vince Survey. The town of South Houston is situated 
east of the dome. 

The shape and size of the salt dome and the present extent of production are 
indicated in Figure 1. As shown on the map, the highest known salt occurs at a 
depth of 4,406 feet in the Stanolind Oil and Gas Company’s well No. 1 in Block 
19, or the center of the dome. 

The salt plug is oval in outline, elongate N. 20° E. with the long axis on the 
6,000-foot salt contour about 4,500 feet long, and the short axis is a little more 
than 3,000 feet long. The dome is one of the steepest in the Gulf Coast, and, due 
largely to its proximity to the town of South Houston, it' was missed by all the 
early refraction-seismograph exploration parties operating in this county. 

The present outline of production is indicated in Figure 1. It includes an area 
of about 650 acres, most of which lies northwest of the dome. Complicated faulting 
controls production and the south and east flanks of the dome, as drilled to date, 
have failed to produce. 

There are two principal producing zones: Miocene sands, 3,800-4,100 feet; 
and Marginulina Frio sands at 4,500-4,900 feet in depth. The Miocene sands 
average 50 feet of saturation and the Oligocene sands about 150 feet of oil sec- 
tion. Most of the g1 oil wells in the field are flowing, producing 19°—25° gravity 
oil. The field has produced 10,870,000 barrels as of January 1, 1945. 

The South Houston field was discovered by the Stanolind Oil and Gas Com- 
pany by torsion balance in May and June, 1934. The party was directed by N. P. 
Teague and used three Z-bar type Bamberg balances. Robert H. Ray,’ geo- 

1 Manuscript received, December 8, 1944. 

2 Consulting geologist, 1404 Esperson Building. 

3 Rogers-Ray, Inc., geophysicists, Houston, Texas 
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physicist for the Stanolind at that time, was in charge of the investigation and 
recognized the South Houston minimum as a possible salt-dome anomaly. The 
gravity picture at South Houston and vicinity is indicated by Figure 2. 

The South Houston anomaly falls on the northeast flank of what is commonly 
known as the Pearland regional gravity-minimum system. The South Houston 
anomaly, according to Ray,‘ appeared on the true total gravity map as a north- 
east minimum nosing out of the regional gravity pattern. This indicated the 
local South Houston anomaly, and, by making allowance for the normal northeast 
regional gravity change, the South Houston salt dome was interpreted as coin- 
ciding with the outline as shown in Figure 2. The outline of present oil production 
as appearing in Figure 1 is also shown to indicate the accuracy of the original 
torsion-balance survey. The gravity outline of the dome was drawn in June, 1934. 

In view of the gravity information, the Stanolind placed a reflection-seismo- 
graph crew of the Independent Exploration Company in the area late in July, 
1934. The party was directed by John W. Flude. It carried out highway traverses 
over the present known dome and with 3 days of work was able to pronounce the 
finding of a sharp domal uplift centering in the west center of the H. T. and B. 
Survey as shown in Figure 3. This 3-day shooting program demonstrated more 
than 800 feet of west, 1,400 feet of northwest, and 1,200 feet of north dip reversal. 
The normal dip in the coastal area is southeast. Due to the proximity of the South 
Houston townsite, a difficult lease problem was presented and final detailed 
shooting of the dome was not done until March, 1935, when 8 additional days of 
shooting was carried out by the same party. The original picture was not essen- 
tially changed, but additional data were obtained on the position of the syncline 
between the South Houston dome and the Mykawa dome at the southwest. The 
final reflection picture is that given in Figure 3 and the outline of present produc- 
tion is given to attest the accuracy of the early geophysical data. 

The interesting features of the South Houston discovery are: (1) the local 
anomaly is obscure except in the light of the larger regional picture and (2) the 
reflection seismograph made possible accurate mapping in a short time. The 
domal feature was correctly appraised on the original 3-day shooting program. 
Subsequent drilling, as shown by the development map (Fig. 1), substantiated 
the geophysical data to a remarkable degree. 

The writer is indebted to the Stanolind Oil and Gas Company for releasing 
the geophysical data on this structure. The codperation of Robert H. Ray, who 
reviewed his early work in this area, is gratefully acknowledged. In the opinion 
of the writer it is important to preserve in the geological published record the 
geophysical maps and data on which notable dome and oil-field discoveries were 
made. 


4 Personal communication. 
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SIZE DISTRIBUTION OF SAND IN SOME DUNES, 
BEACHES, AND SANDSTONES! 


W. D. KELLER? 
Columbia, Missouri 
ABSTRACT 


Sieve-analysis data from more than 700 sand samples collected from recent dunes and beaches, 
and from the St. Peter, Navajo, Wyopo, and Tensleep sandstones are used, following a simple pro- 
cedure, to classify the sand samples as F or C. The ratio of the number of F samples to the number of 
C samples from a locality or formation gives its F:C ratio. 

The F:C ratio for recent dune sand is relatively high; that for modern beach sand intermediate; 
and for the sandstone formations lowest of all three. The F:C ratio data indicate that the last en- 
vironment of deposition of the four sandstones studied was not eolian. 


INTRODUCTION 


A study of the size distribution of sand in recent dunes, beaches, and older 
sandstones was begun in 1939 in the hope of finding some correlation between 
the size distribution, or other characteristics, and the environment of deposition 
of the sand deposits. More than 800 sand samples were collected and sieved. 
From these data an empirical expression emerged which appears to permit some 
differentiation of environments of sand deposition. Publication of the results 
obtained to date seems to be merited rather than to delay until further sampling 
can be done, which must be postponed now (1944) because of the war. 

Briefly, the sand samples are sieved and then classified as F or C samples, 
according to whether or not the larger of the two proximate grades is finer or 
coarser than the maximum grade. The ratio of F to C samples is determined and 
serves as a basis for differentiating beach and dune environments of deposition 
from each other. A more detailed explanation illustrated with data from this 
study follows. 

METHODS AND RESULTS 


To compare sand of known beach environment with dune sand, both having 
the same source, collections were made along the Pacific Coast from the Columbia 
River south to San Diego. Twenty-seven localities were sampled along the coast, 
many of them furnishing a continuous suite from the beach inland to drifting 
dunes composed of sand transported from the ocean shore. 

Additional dune collections were made from other western areas, namely, 
Death Valley, California; Pasco, Washington; Moses Lake, Washington; near 
Yuma, Arizona; in California; along the Columbia River; Dune Park, Indiana; 
and near Winnemucca, Nevada. These collections cover the main dune areas of 
western United States and should therefore represent dune sand from that part 
of the continent. 

Furthermore, four thick, widespread, relatively “clean,” quartz sandstones 
were sampled for comparison with the sands from the known dune and beach 


1 Manuscript received, December, 1944. 
2 Professor of geology, University of Missouri. 
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_ environments. The sandstones, furnishing 272 samples in all, are the St. Peter 
sandstone in Missouri, the Tensleep and Wyopo sandstones in Wyoming, and 
the Navajo sandstone in Utah. 

Attention is directed to the fairly thorough and typical representation of 
western United States sands brought under study. It was believed that con- 
clusions could be reached with assurance only if adequate experimental data were 
at hand; hence, the coverage given this area. Southern and eastern coasts should 
also be sampled but that must wait until post-war time. 

At the laboratory, 100-gram samples of the loose sand or of disaggregated 
sandstones were sieved on a stack of Tyler sieves graduated in the following 
sizes. 


Diameter Sieve Opening Weight Percentage of Sand 
in Millimeters Remaining on Sieve m 
(Oo-4) (Oo-3) 

©.495 6 I 
0.351 24 9 
0.246 43 52 
0.185 15 22 
0.124 7 12 
0.061 4 4 
Pan I ° 


Two analyses, designated as A and B, are given as examples of “‘coarse” (C) 
and “fine” (F) samples, respectively. These designations, coarse and fine, are 
derived from the character of the larger of their proximate admixtures, a term 
_ proposed by Udden,? who wrote: 

In most samples .. . there is one medium grade, which is present in greater quantity 
than any other . . . will here be called the chief ingredient or the maximum. The ingredients 
in the grades nearest in size to its elements to the size of the elements in the maximum 
grade will be called the proximate admixtures. 


Thus, in A in the foregoing table, the 43 per cent represents the chief ingredient, 
and 24 and 15 per cent the proximate admixtures. 

In this study, the larger percentage of the two proximate admixtures de- 
scribes the sample. Hence, in A, because the 24 per cent proximate-admixture 
fraction exceeds in quantity the 15 per cent proximate admixture, and because 
the 24 per cent proximate admixture is coarser than the maximum ingredient, 
sample A is classified a “‘coarse,” or C, sample. 

In like manner, in B, 52 per cent represents the chief ingredient, and 22 and 
9 per cent the proximate admixtures. Here, since the proximate admixture finer 
than the maximum ingredient exceeds in quantity the coarser proximate ad- 
mixture, B is designated as a “fine,” or F, sample. | 

After the mechanical analyses of all the sand samples were completed and 


3 J. A. Udden, “Mechanical Composition of Clastic Sediments,” Bull. Geol. Soc. America, Vol. 25 
(1914), pp. 655-744. 
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classified as F or C, the ratio of the number of F samples to the number of C sam- 
ples was computed for each group or formation. In the case of the Death Valley 
dune suite, 55 of the 60 samples collected were F samples, the other 5 being C 
samples. The F:C ratio for the Death Valley dune sand is therefore 55:5 or 11:1. 
This F:C ratio was the highest one for dune sands, but all the F:C ratios for 
dune sands were well above those for other environments. In contrast, the F:C 
ratio of 53 St. Peter sandstone samples is 0.9:1. This becomes interesting in 
connection with the origin of the St. Peter, a point to be discussed later. The 
suites of all localities were run, as described, with the following F:C ratio re- 
sults. 


Locality F:C Ratio 
Beach sand from 27 localities along the Pacific Coast from Colum- 33 $8 
bia River to San Diego po ae 
Dune sand from the foregoing localities. Mainly from adjacent 55 2.65 
shore dunes 


It is obvious that the F:C ratio of dune sand from the Pacific Coast is con- 
siderably higher than that of beach sand from which the dune sand was blown. 

Additional data on inland dunes whose sand was derived from sedimentary 
rocks, rivers, glacial deposits, and lakes support further a high F:C ratio for 
dune sand: The results of 370 samples follow. 


F Samples 


Dune Locality C Samples F:C Ratio 
Death Valley, California = 
Pasco, Washington = 6:1 
Moses Lake, Washington 2.831 
Near Yuma, in California 2.531 
25 
Columbia River, Oregon = 
Dune Park, Indiana 
Winnemucca, Nevada = 9-4:1 
Ratio for all of foregoing samples = 3.Q°t 
Ratio for all dune samples, including beach dunes = 3.938 
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The lowest F:C ratios are found in the Moses Lake sand which is probably 
the coarsest of the group (average Md ¢ 2.26) and in the Yuma sand, one of the 
finest (average Md ¢ 2.81), but both of these sands have F:C ratios well above 
that of the Pacific beach sand. Certainly an F:C ratio of 2.5:1, or higher, is in- 
dicative of dune sand, according to the evidence from western United States 
dunes. One would expect an eolian sandstone likewise to have an F:C ratio 
within the range of the dune sands. In view of this expectation the data from 272 
samples from the 4 sandstones in the following list become significant. 


F Samples 


Formation C F:C Ratio 
25 
St. Peter-sandstone 28 
Tensleep sandstone, Lander, Wyoming 0.431 
Wyopo sandstone, Lander, Wyoming 0.25 
Navajo sandstone, Zion National Park 


Each of these formations has an F:C ratio well below that of any of the dune 
sands. In fact, none of these ratios is any higher than that of the Pacific beach 
sand, 1.1:1. These standstones may not have originated as beach deposits al- 
thouzh their ratios approach that of Pacific beach sand, but they do not have F:C 
ratio characteristics of dune sand. Their sand may have existed in an intermediate 
stage as dune sand, but the evidence is against their having been last transported, 
sorted, or deposited in a dune environment. 

In the case of the St. Peter sandstone this evidence supports Dake’s‘ view: 
“|. . that the eolian theory of origin was untenable.” In the cases of the other 
formations on which there is not complete agreement as to origin, the evidence 
presented herein is obviously opposed to a last-stage dune environment, and sup- 
ports a non-eolian origin. Unfortunately, the interpretive value of the F:C data 
has greater negative strength than positive. If the sandstones are not eolian, 
presumably they are marine, most probably offshore deposits but possibly in 
part beach deposits. But whereas the F:C ratios do not strongly oppose a beach 
origin, such an interpretation can not be considered final, or even tentatively so, 
as long as knowledge of the F:C ratios of modern offshore sand deposits is lack- 
ing. Strong positive evidence would require close agreement with the ratios of 
one environment and negative evidence for the others. 

The interpretation afforded by the F:C ratio concerning the origin of the 


4C. L. Dake, “The Problem of the St. Peter Sandstone,” Bull. Missouri School of Mines and 
Metallurgy, Vol. 6, No. 1, (1921). 
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four sandstones previously listed may thus be summarized: the evidence of the 
data from 272 of their samples and from 446 dune and beach sand samples is 
against an eolian origin. 

APPRAISAL OF F:C RATIO 


The merits of the F:C ratio, as they appear, have been noted in the foregoing 
pages. Certain limitations, alternatives, and imperfections in the procedure have 
become evident since the work was begun and are discussed in the following 
paragraphs. 

The F:C ratio is based on data obtained from an arbitrarily sized set of dis- 
crete sieve fractions of sand. The data are therefore subject to the limitations 
imposed by the choice of sieve sizes. With the sieves that were chosen in this in- 
vestigation the sands fell into the F and C categories as reported, but George H. 
Otto’ has pointed out that had a different sized set of sieves been used a different 
set of values might have been obtained. An extreme case of even reversal of F 
and C groups from the present ones could have resulted with an appropriate 
sieve set. 

It is obvious, therefore, that the designations “coarse and fine” may not 
apply to the general case of continuous size distribution in sand, but under the 
conditions of the writer’s empirical experiments the value of the letters F and C 
are not impaired. Even if the letters were reversed, and therefore the ratios were 
reversed, the values on dune sand would still differ as much from those of sand- 
stones as shown in the F:C ratio. As a possible means of interpretation for sands 
the F:C ratio is good; as a statement of coarseness or fineness as would be shown 
by the cumulative curve it may not be of general application. Plans have been 
tentatively laid for exploration of the more general case by Otto and the writer, 
using the data of this investigation and some from other sources. 

There is some indication that the F and C grouping may be a function in part 
of the median size of the sand. Further investigation probably will reveal a more 
fundamental difference between the results of different environments of de- 
position on the sizes of sand than that portrayed by the F:C ratio. In the mean- 
time the present work is offered as a start. If the F and C grouping is related to 
the median size of the sand, some beach sands may be expected to show higher 
F:C ratios than those found by the writer on the Pacific Coast. However, if 
beach sand with a higher F:C ratio is to be found, it still does not affect the 
negative evidence of the non-dune origin for those sandstones which have a low 
F:C ratio, although it may weaken a positive criterion for beach sand. 

Questions may be raised as to the wisdom of including all of the samples from 
a formation such as the Navajo sandstone or of the St. Peter sandstone, on the 
assumption that the entire formation was deposited under one environment. 
For instance, the Navajo may be in part marine, and in part eolian. If such be 
the case, more detailed work is necessary on each part; the present work is a 


5 Personal communication, 1944. 
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start. Perhaps the sands might have been sampled from sedimentation units® 
but the average field geologist will probably prefer the writer’s method of sam- 
pling which simulated the taking of hand specimens and “average” material. 

The need for many sand samples from the Gulf and Atlantic coasts is appar- 
ent. It is hoped that collections may be taken there after peace returns, and also 
from offshore sand which is more likely to become the marine sandstone of future 
geologic time. 

A theoretical discussion of the causes of the size distribution of sand found 
in this investigation is postponed awaiting factual data on the sand from other 
coasts. Consequently, this paper is short—seemingly out of proportion to the 
time it took to collect the specimens and the long hours of sieving 781 samples 
of sand—but aside from presentation of the facts not much else need be written. 
The writer believes the F:C ratio procedure to be capable of much refinement, 
but even in its present form it helps differentiate some types of sand. 


FIELD AND LABORATORY PROCEDURE 


In order that specific objectives might be attained, several precautions were 
observed in collecting and sieving the sands. Because it was intended to study 
both recent sand deposits and older sandstones (and possibly drill cores) on a 
comparable basis, samples of loose sand were collected from dunes and beaches 
to simulate, as closely as possible, hand specimens of sandstone. This was done 
by first scraping away the top inch or so of sand to avoid local surface effects, 
and then scooping out a large handful. The handful came from a depth of several 
inches—about the thickness of hand specimens broken from sandstone outcrops. 
In other words, had the dune or beach been consolidated and a hand specimen 
broken from the formation years afterward, it would have been similar to the 
loose sand taken now. 

Beaches were sampled from the water’s edge inland. Dunes were sampled from 
their windward sides, lee sides, along crests, across the dunes, in inter-dune de- 
pressions, and at regular intervals along a “‘Rosiwal traverse” across a dune area. 
The idea was to obtain a large number of samples which would average out the 
effect of any individual peculiarities. 

The hand specimens taken from sandstone formations were broken from 
their outcrop at 5 to 9 foot intervals across the stratigraphic section. Only fresh 
rock was collected; the weathered exterior was first broken away. The St. Peter 
sandstone was sampled at four localities in Missouri: Foley, Mineola, Klondike, 
and Pacific. Specimens from the Tensleep formation were taken at the entrance 
to Sinks Canyon near Lander, Wyoming, and from the Wyopo several miles 
downstream. The Navajo was sampled below the long tunnel in Zion National 
Park, along the highway above the tunnel, and along a special fire-protection 
road leading to the top of the formation. 


6 George H. Otto, “The Sedimentation Unit and Its Use in Field Sampling,” Jour. Geol., Vol. 46 
(1938), pp. 569-82. 
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It should be noted here that only “‘clean” sands and sandstones were examined 
in this investigation, that is, those without abundant carbonate, clay, or iron 
oxide cement. Some of the samples studied are rich in heavy minerals or in fairly 
fresh and hard silicate rock fragments, but materials like loess, adobe, or sand 
with abundant fossil or calcite particles were excluded from the study. At present 
the writer would apply the F:C ratio only to the “clean” varieties of sand. 

In the laboratory, the sand specimen, or the sandstone which had been dis- 
aggregated with a wooden mortar and pestle, was split down to about a 100- 
gram sample and was sieved for 15 minutes through Tyler sieves on a Ro-Tap 
machine. Experiments showed that, under the conditions of the analysis, at least 
a 12-minute shaking time was necessary to give sieve percentages reproducible to 
within one per cent with prolonged sieving. The results of hand shaking are, in 
general, not considered reliable. Sieve fractions were recorded only to the nearest 
gram weight and to the nearest full per cent, because adjacent hand specimens in 
the field will usually vary as much as one per cent in some of their fractions (cer- 
tainly so if the sandstone is cross-laminated). 

No definite conclusion has been reached on the minimum number of speci- 
mens needed from a formation or locality to represent it, but certainly one or two 
grab samples can not be expected to furnish adequate F:C ratio data on a large 
body of sediment. Probably no less than a dozen samples should be collected 
from a small dune area or thin formation; a thorough study would necessitate 
abundant sampling throughout the entire occurrence. 
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GEOLOGICAL NOTES 


CRYSTALLINE ROCK IN A DEEP WELL IN 
WINKLER COUNTY, TEXAS! 


LEROY T. PATTON? 
Lubbock, Texas 


The Richardson and Bass J. B. Walton well No. 10-E, 1,980 feet from the 
south and east lines of Sec. 1, Block B-3, Public School Lands, Winkler County, 
Texas, was completed, April 16, 1944, at the total depth of 9,858 feet. Crystalline 
rock was encountered from 9,838 to 9,858 feet. A core was taken from 9,850 to 
9,858 feet. The writer is indebted to the company through the district geologist, 
Morgan Gist, for the opportunity of examining samples of this core and for per- 
mission to publish the results of this examination. 

Samples were furnished from depths of 9,850 to 9,858 feet. 

Megascopic examination showed that these samples were of foliated meta- 
morphic rock evidently derived from igneous rock. In order to determine their 
exact nature and origin, thin sections were made from the samples and studied 
under the petrographic microscope. A Rosiwal analysis was made of the thin sec- 
tions and the rock was classified under the Johannsen system of igneous rocks. 
The results of this detailed examination are given below. In making the Rosiwal 
analysis use was made of a Wentworth recording micrometer and the standard 
number of traverses, 10, were run for each section. Determination of the plagio- 
clase feldspar was made by the use of a Federoff universal stage. 


CORE FROM 9,850-9,851 FEET 


Megascopic.—This core is of a distinctly foliated rock, the folia making an 
angle of 70°-80° with the axis of the core. Folia of biotite alternate with a 
slightly pinkish feldspar. Quartz is not as prominent a constituent as the feld- 
spar. 

Microscopic.—The rock consists of orthoclase which is greatly altered, show- 
ing much sericite, quartz which shows undulatory extinction, brown biotite, fairly 
numerous flakes of magnetite, a few crystals of apatite, and a few anhedral crys- 
tals of garnet. Some crystals of secondary calcite occur. These were not included 
in the Rosiwal analysis. 


CORE FROM 9,852-0,853 FEET 
Megascopic.—This rock is distinctly foliated, the folia making an angle of 
70°-80° with the axis of the core. Alternating folia are of slightly pinkish feld- 


1 Manuscript received, November 30, 1944. 
? Head of department of geology and petroleum engineering, Texas Technological College. 
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RosIwaL ANALYSIS 


(Millimeters) 
Traverse Orthoclase Quartz Biotite Magnetite Garnet 
if 7.900 5.850 1.345 0.340 
2 9-730 2.620 1.837 ; 
3 8.625 3-450 1.590 
4 8.260 3-235 2.590 0.055 
5 9.810 3.810 2.810 0.525 
6 10.420 3.090 2.300 
7 9.070 4.865 2.600 - 0.240 0.140 
8 8.900 3.500 3-300 0.195 ©.140 
9 10.945 3.240 
10 10.005 3-565 3.085 
94.665 37.225 24.627 1.300 0.335 
PERCENTAGE COMPOSITION 
Orthoclase =60.0 
Quartz =23.2 
Biotite =15.6 
Magnetite= 0.8 
Garnet = 0.3 
9 
Leucocrates are 83 per cent of the total components ; Class 2 
No plagioclase Order 1 


Quartz is 39 per cent of total quarfeloids 
Orthoclase is roo per cent of the feldspars 


Rock No. 215 is kaligranite 


Family 5 


spar, biotite, and some quartz. The texture is somewhat coarser than that of 
specimen from 9,850-9,851 feet. Some veins of calcite are present. 


RosrIwaL ANALYSIS 


(Millimeters) 
Traverse Orthoclase Quartz Biotite 
I 5.431 2.775 1.015 
2 7.310 1.135, 2.240 
3 4.210 4.160 0.650 
4 3-748 2.110 1.140 
5 6.555 1.685 1.185 
6 7-305 1.640 1.220 
1 7.110 2.015 0.535 
8 5-190 3.170 0.770 
9 3-475 3-960 1.615 
10 5.020 2.270 0.415 
55-326 24.910 8.785 
PERCENTAGE COMPOSITION 
Orthoclase= 62.5 
Quartz = 27.9 
Biotite = 9.6 
100.0 
Leucocrates form go per cent of total components Class 2 
No plagioclase present Order 1 
Quartz is 30 per cent of total quarfeloids 
Orthoclase is 100 per cent of total feldspars Family 5 


Rock No. 215 is kaligranite 
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Microscopic.—The minerals consist of orthoclase, quartz, and brown biotite. 
The orthoclase is greatly altered, showing much sericite. The quartz shows un- 
dulatory extinction. A few crystals of apatite and a few grains of magnetite are 
present. 

CORE FROM 9,854-9,855 FEET 


Megascopic.—This core is of crystalline rock showing rougher foliation than 
the two preceding samples. The folia make an angle of 70°-80° with the axis of 
the core. Feldspar is a prominent constituent, and folia of biotite are prominent. 
Quartz is less conspicuous. 

Microscopic-—The rock is made up of orthoclase, andesine, brown biotite, 
and quartz. A few crystals of magnetite are scattered through the section. A few 
crystals of zircon showing pleochroic halos are seen in the biotite. Both the ortho- 
clase and the andesine are very little altered, which is in marked contrast with the 
preceding samples. 

RosIwaL ANALYSIS 


(Millimeters) 
Traverse Orthoclase Andesine Biotite Quartz Magnetite 
1&2 8.830 1.221 6.000 6.425 
3 4.010 0.000 8.225 2.075 
4 6.875 2.275 6.575 0.135 0.190 
5 3.615 2.225 5.480 2.770 
6 5-410 3-760 3-500 0.000 
7 8.200 0.550 2.650 1.090 0.320 
8 8.975 0.650 3.075 0.075 
9 4.410 1.650 3.660 3.090 
fe) 6.400 0.000 4.010 0.000 
52.725 12.231 43-175 15.660 0.510 


PERCENTAGE COMPOSITION 
Orthoclase=45.7 
Andesine =10.6 
Biotite =37.3 


Quartz = 5.7 

Magnetite = 0.4 

+7 
Leucocrates form 71 per cent of total components Class 2 
Plagioclase is andesine Order 2 
Quartz is 9.5 per cent of total quarfeloids Family 6 


Orthoclase is 82 per cent of total feldspars 
Rock No. 226 is granite 


CORE FROM 9,856-9,857 FEET 


Megascopic.—This core exhibits rough foliation, the folia making about the 
same angle with the axis of the core as in the preceding samples. The core is cut 
by small fractures filled with hematite. Feldspar is the most prominent mineral. 

Microscopic.—The section contains much orthoclase which has been very 
greatly altered, showing much sericite. The section also shows a few small hema- 
tite veins. Hematite was not included in the analysis. Biotite has been largely 
altered to chlorite, which varies from light green to almost colorless. 
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ROsIWAL ANALYSIS 


(Millimeters) 
Traverse Orthoclase Quarts Biotite 
(Chlorite) 
I 5-624 2.210 0.960 
2 4.865 3-305 0.665 
3 4.310 2.440 0.820 
4 3-710 2.330 1.510 
5 4.710 3.430 0.560 
6 6.470 2.210 0.710 : 
2.875 2.650 0.910 
8 3.510 1.585 1.365 
9 6.035 2.330 1.050 
10 2.535 1.555 1.355 
44.645 24.045 9.905 
PERCENTAGE COMPOSITION 
Orthoclase = 56.7 
Quartz =30.6 
Biotite =12.6 
99-9 
Leucocrates form 87 per cent of total components Class 2 


Order 1 


No plagioclase 


Quartz is 35 per cent of quarfeloids . 
Orthoclase is 100 per cent of total feldspar Family 5 


Rock No. 215 is kaligranite 


CORE FROM 9,857—-9,858 FEET 
Megascopic.—The core from this depth is a foliated rock showing feldspar, 


ROsIwaL ANALYSIS 


(Millimeters) 
Traverse Orthoclase Quarts Biotite 
(Chlorite) 
I 10. 265 8.480 0.905 
2 11.927 4.815 1.695 
3 10.725 4.195 0.300 
4 8.790 6.880 0.750 
5 IIT 5-795 1.550 
6 9-525 8.240 1.060 
7 10.055 6.010 1.390 
8 IT.005 6.300 0.820 
9 9.875 5.010 2.710 ; 
10 7.475 4.110 2.980 4 
100.651 59.840 14.210 
PERCENTAGE COMPOSITION 
Orthoclase = 57.7 
Quartz =34.2 
Biotite = 8.1 
Leucocrates form g1 per cent of total components Class 2 
No plagioclase Order 1 e 
Quartz is 37 per cent of total quarfeloids ; 
Orthoclase is 100 per cent of total feldspars Famil 


Rock No. 215 is kaligranite 
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biotite, and quartz. In part of the core the biotite has been altered to chlorite and 
its green color is prominent. 

Microscopic.—Thin sections, taken in the part showing alterations of biotite 
to chlorite, show that the biotite has been almost completely altered to chlorite. 
In a thin section, taken in the unaltered part, brown biotite is prominent. The 
rock contains the following minerals: orthoclase greatly altered, showing much 
sericite; quartz; biotite; and chlorite derived from biotite. The chlorite varies 
from pale green to almost colorless. Rosiwal analysis taken in the part in which 
the biotite shows alterations to chlorite. 


DISCUSSION OF RESULTS 


Except for the sample from 9,854-9,855 feet, all the analyses are similar and 
indicate a derivation from kaligranite. The sample from 9,854-9,855 feet differs 
from the others in that the feldspars are much less altered, and in the presence 
of plagioclase. The analysis of this sample indicates derivation from a normal 
granite. However, all analyses indicate derivation from granitic rock. 

The foliation of the specimens varies somewhat and is more perfect than 
found in some gneisses. Because of the relative abundance of feldspar, however, 
the rocks would properly be classed as gneisses. Because of a relatively large 
amount of biotite or its alteration product, they would be classed as biotite gran- 
ite gneisses. 


RUSTON GAS FIELD, LINCOLN PARISH, LOUISIANA! 


H. R. KAMB? 
Shreveport, Louisiana 


The discovery of commercial gas in the Arkansas-Louisiana Gas Company’s 
W. F. Jiles No. 1, Sec. 19, T. 19 N., R. 2 W., Lincoln Parish, Louisiana, in Octo- 
ber, 1943, marked the culmination of a number of years of exploration effort by 
the Arkansas-Louisiana Gas Company and the Arkansas Fuel Oil Company, 
subsidiaries of the Arkansas Natural Gas Corporation. The new field is variously 
termed Vienna, North Ruston, and Ruston. Ruston is the name most frequently 
used and it is favored by the writer. 

The first work that led to the finding of the new gas reserve was surface 
mapping of an anticline. A check was made with reflection seismograph and the 
top of the structure was found to shift northwest with depth. The first well on the 
prospect, the Arkansas-Louisiana Gas Company et al., M. E. Causey No. 1, Sec. 
32, T. 19 N., R. 2 W., found gas and salt water in a sand from 5,315 to 5,340 feet 
at the base of the Pine Island formation, but diligent efforts to complete it as a 


1 Manuscript received, December 22, 1944. Published with the permission of the Arkansas Na- 
tural Gas Corporation. 


*2 Geologist, Arkansas Natural Gas Companies. 
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commercial well were unavailing. Subsequently, after additional detailing by re- 
flection seismograph, the second test, the Arkansas-Louisiana Gas Company’s 
W. F. Jiles No. 1, was successful and was completed on October 26, 1943. Its ini- 
tial estimated gauge was 45 million cubic feet of dry gas per day in a sand of the 
Hosston (Travis Peak) formation. 

In all, apparently six productive sands have been found to date. All are lentic- 
ular. Enumerated in descending order, the first lies on top of, or is part of, the 
James formation. If the latter, it is of interest because it marks the first commer- 
cial production ever found in the James. A drill-stem test in the Jiles No. 1, where 
the sand was encountered from 4,738 to 4,762 feet, indicated a flow of 50 million 
cubic feet per day of dry gas. The second is the sand previously mentioned as 
lying at the base of the Pine Island formation and has been termed the Causey. 
It is producing gas in the Arkansas-Louisiana Gas Company’s J. C. Dowling No. 
1, Sec. 30, T. 19 N., R. 2 W., and, so far as known to the writer, is the first com- 
mercial production in the Pine Island. In this well, the sand is at 5,190—5,205 
feet. A third sand, encountered 25-30 feet below the top of the Sligo formation 
(commonly called Pettit by many geologists), has been termed the Dowling after 
the well noted immediately above and in which it produces from 5,264 to 5,278 
feet. A fourth sand, found from 5,366—-5,375 feet in the Arkansas-Louisiana Gas 
Company’s Mitchell Unit No. 1, Sec. 20, T. 19 N., R. 2 W., and lying close to 
the base of the Sligo formation, is unnamed. It is noteworthy that the porous 
sand lenses in the Sligo formation reveal a regional gradation from limestone to 
sand eastward updip in North Louisiana. A fifth sand, termed the Mitchell after 
the first well in it, was topped at 5,724 feet or approximately 325 feet below the 
top of the Hosston formation. The sixth has been named the Jiles and was 
reached 485 feet below the top of the Hosston or from 5,878 to 5,922 feet in the 
well with that name. All the gas produced to date has been dry and goes directly 
into the pipeline without processing. 

The structure is anticlinal and probably of the deep-seated salt-uplift type. 
Producing closure appears to be from 65 to 80 feet on top of the Hosston. The total 
productive area is not entirely defined, but presently appears to approximate 
4,000 acres. Development is on the basis of one well per 640-acre unit. 


RECENT DEEP TEST IN MOORE COUNTY, TEXAS! 
E. W. FOSSHAGE? 
Amarillo, Texas 


The Shamrock Oil and Gas Corporation and the Phillips Petroleum Company 
commenced drilling a deep test, the Shamrock acting as operator, on March 3, 
1944, in Sec. 11, Block 1, J. Poitevent Survey, Moore County, Texas. After some 


1 Manuscript received, January 5, 1945. 
2 Geologist, Shamrock Oil and Gas Corporation. 
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drilling difficulties, which included a fishing job at the depth of 2,711 feet, the 
bit had penetrated 380 feet of the Arbuckle limestone group at the total depth of 
6,706 feet on October 10, 1944. Because no commercial oil or gas showings were 
encountered below the Permian dolomite, this test was plugged back to 2,924 
feet after an electrical survey of the formations was made. At this plug-back 
depth it will be completed as a gas well in the Permian dolomite, which is the 
normal producing zone in the Texas Panhandle. 

The writer is grateful to C. C. Hemsell, chief geologist of the Shamrock Oil 
and Gas Corporation, and to the management of this company for permission to 
publish the geological data on this test. It is hoped that these data will encourage 
additional deep drilling in this area, which has been explored very little for oil in 
pre-Permian strata. The presence of pre-Permian reservoir rocks and the some- 
what complicated structural conditions are the favorable factors for pre-Permian 
oil possibilities in the Texas Panhandle. 

Correlations of the pre-Permian formations encountered in the Taylor well 
No. 2 are very difficult because of the limited information about these rocks in this 
Tarea. he following are the writer’s own determinations and correlations of these 
formations, which may not necessarily be in agreement with determinations made 
by other geologists. 


Feet 
Top of thickness of geological unit 
Permian system 
Guadalupe series 
Leonard series 
(Approximately Wellington or Wichita-Albany groups) 
(Principal oil and gas producing zone in Texas Panhandle) 
(Top is approximately Herington in age. Lower part is Wolfcamp in age) 
Wolfcamp series 
Subdivision of lower Permian and all of Pennsylvanian rocks into formations or 
series names can not be done accurately without paleontological data, which, in this 
case, would be mainly fusulinid determinations. As this information is not available 
at present, it is not given 


(Composed mainly of coarse clastics and thought to be a facies change of 
Kinderhook shale of Oklahoma and Kansas) 
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Ordovician system ° 


The top of the Mississippian system is not correlated the same by all geolo- 
gists. The zone from 5,200 to 5,530 feet contains many Mississippian-type lime- 
stones, together with “granite wash” and conglomeratic material. The writer had 
the advantage of being at this test while it was drilled, and the drilling reaction 
indicated that the interval from 5,200 to 5,530 feet is a conglomeratic zone. The 
self-potential curve on the Schlumberger electric log shows low porosity in this 
zone, which suggests a conglomerate with a shale matrix. For these reasons the 
writer has placed the top of the Mississippian system at 5,530 feet and has inter- 
preted the Mississippian-type limestones from 5,200 to 5,530 feet as reworked. 

The Hunton and Viola limestones in this test are lithologically similar to their 
equivalents in Oklahoma. An unconformity sandstone separates these two units 
in this test. 
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REVIEWS AND NEW PUBLICATIONS 


* Subjects indicated by asterisk are in the Association library, and are awailable, for loan, to mem- 
bers and associates. 


GEOLOGY IN THE SERVICE OF MAN, BY W. G. FEARNSIDES 
AND O. M. B. BULMAN 


REVIEW BY BURTON WALLACE COLLINS! 
Auckland, New Zealand 


Geology in the Service of Man, by W. G. Fearnsides and O. M. B. Bulman. 158 pp., 8 pls., 
38 figs. Penguin Books, Harmondsworth, England, and New York, U.S.A. (1944). 


Members of the geological profession owe a debt of gratitude to the authors of this 
recent “Penguin” book on two counts. Many will find it not only very readable but also 
stimulating. And the profession as a whole can not fail to benefit from the publicity that it 
will obtain from the wide circulation that the book will undoubtedly receive—its own in- 
trinsic merit, the reputation of its authors and publishers, and its ridiculously low price 
(ninepence in England) may well combine to make this pocket compendium to applied 
earth-science a geological best-seller comparable with, if not outshining, the works of Sir 
Charles Lyell and Hugh Miller. 

A statement in the preface with which most geologists will no doubt agree is: “It is 
regretable that more geologists have not been professionally associated with the war ef- 
fort; it will be a tragedy if geological knowledge is not co-ordinated and directly applied in 
post-war reconstruction.” The book should do much to correct the present tendency to 
overlook or ignore the contribution which geology is ready to make to world order,” as 
well as help to place geological publicity in general more on a par with that of the chemical 
and physical sciences. It should also stimulate amateur interest in the science—an inter- 
est which appears to have flagged somewhat lately though at one time very strong. In the 
words of the preface again: ‘“There is no other science, except perhaps astronomy, to 
which the amateur observer has contributed so much.” 

Avowedly written for “the layman, the industrialist, and the schoolmaster,” this book 
yet contains much that will interest the trained geologist, and almost certainly some 
things that will be entirely new to him. Its first part (pp. 11-76) is entitled ‘“The Nature of 
the Evidence: An Introduction to the Principles of Geology.” Here are discussed the na- 
ture of the earth’s crust, types of rocks, sedimentation, earth movements, mountain- 
building, erosion in its various aspects, et cetera. There is also an ‘Epitome of the Geologi- 
cal History of Britain” (Chapter IV), with four paleogeographic maps, which compresses 
much into its 17 pages; and a section on “The Construction and Use of Geological Maps” 
(Chapter V), with particular reference to the maps issued by the Geological Survey of 
Great Britain, and including a brief discussion of structural contours. 

Part Two, “Some Applications of Geology,” comprises the remainder of the book 
(pp. 77-149). The chapter headings are: ““The Geology of Water Supply,” ‘“‘Geology and 
Soils,” “The Geology of Petroleum,” ‘Engineering Geology,” “Mineral Supplies for 
Heavy Industries,” “Nonferrous Metals and Chemical Supplies,” and “Gemstones.” 

The chapter on petroleum geology, though very brief (only 4} pages of text and one 


1 P.O. Box 10, Auckland, New Zealand. Review received, December 24, 1944. 


2 See, for example: C. K. Leith, J. W. Furness, and Cleona Lewis, World Minerals and World 
Peace, 253 pp., maps and tables. The Brookings Institution, New York (1943). 
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figure), covers much ground—theories of origin, source rock, reservoir rock and cap 
rock, structural traps (the figure shows sections of three common types of traps—anticline, 
fault, and unconformity), and geological and geophysical methods of prospecting. One 
could wish that a little more space had been allotted to this important application of 
geology, especially at the present time when the question of oil supplies bulks so largely 
on the world’s economic horizon. Americans at least may feel rather dissatisfied with the 
treatment accorded what is peculiarly an American industry, but after all the book was 
written by Englishmen, apparently primarily for Englishmen, who are naturally more at 
home with coal and iron (10 pages) than with oil. 

Under engineering geology are discussed foundations, surface creep and landslides, 
water-supply reservoirs, tunnels (with a most interesting account of geological work for 
the new Mersey tunnel), building stone, clays and brick-making, cements, roofing slate, 
and road metal. 

Mineral deposits in general are described in the chapter on non-ferrous metals and 
chemical supplies. Each of the following materials is then discussed separately, with 
references to its composition, ores, extraction, geologic occurrence, geographic distribution, 
uses, ef cetera: gold, silver, platinum, copper, lead and zinc, nickel, cobalt, chromium, tin, 
tungsten, molybdenum, manganese, mercury, aluminium, magnesium, saline deposits, 
phosphates, sulphur, and pyrites. 

The book concludes with appendices containing tabular classifications of igneous and 
sedimentary rocks, and the geological systems and formations of Great Britain, a list of 
suggestions for further reading (books only, mainly English publications but also five 
American works—and including, it may be worth noting, the New Zealand Professor 
Cotton’s recent book on geomorphology, Landscape, which was reviewed in this Bulletin 
for July, 1943), and a 3-page double-column index. 

The figures—mainly geological sections, with some block diagrams and maps—greatly 
enhance the book’s value and interest, while the collogravure plates are beautifully repro- 
duced and worth in themselves the price of the book. They show: microphotographs of 
typical rocks, the Matterhorn showing recumbent fold, Grand Canyon, sea-stack on 
Caithness coast, Venangyaung oil field, North Wales slate quarry, coal face in a Yorkshire 
mine, and open-cast mining of iron ore in Northamptonshire. 

It is an odious part of the reviewer’s duty to point out possible faults. In the case of 
the present book to do so is like looking a gift horse in the mouth. Two points may be 
mentioned, however. The use of technical terms without definition is to be deprecated in 
a book intended for lay readers. Another reviewer has already suggested that a glossary 
would be a useful addition to a subsequent edition, and this view may be heartily en- 
dorsed. Secondly, the scant mention of fossils is curious, especially when one considers 
that one of the authors (Bulman) is outstanding as a paleontologist—the other (Fearn- 
sides) is the present president of the Geological Society of London and an expert in eco- 
nomic geology. Fossils are mentioned in passing in a few places (for instance, in the 
chapter on petroleum geology as an aid in correlation, and Iguanodon and Globigerina are 
referred to in the chapter on the geological history of Britain), but the word does not even 
find a place in the index—nor does paleontology. One could have wished that a little more 
space could have been devoted to what after all is basic to all geological history, much 
correlation, and a considerable part of geological mapping, even if such a course meant 
reducing the number of pages on some other topic (for example, gemstones, with their 
II pages, not all strictly geology as generally conceived). 

One error of fact was noted. In discussing nickel (p. 130) the authors mention that 
New Caledonia was at one time (actually until 1905) the world’s chief source. They then 
state: “Mines there continued to produce their quota .. . till the region was overrun by 
the Japanese.” As many Americans will know, and as all New Zealanders and Australians 
have very good reasons for knowing, New Caledonia was, of course, never overrun by the 
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Japanese; and, in fact, the nickel and chrome mines have continued in full production— 
for the Allies, since New Caledonia, together with its sister colony the French Establish- 
ment of Oceania (Tahiti), from the outset declared for Free France. 

Finally, this book may be confidently recommended as suitable (and inexpensive 
enough) to be bought by the dozen (if they can obtain it in such quantities—the supply in 
New Zealand is so short that this review is being written with a borrowed copy) by busy 
geologists for placing in the hands of those well meaning friends who enquire: ‘‘What is the 
use of geology, anyway?” 


STRATIGRAPHY OF THE COLORADO GROUP, UPPER CRETACEOUS, 
IN NORTHERN NEW MEXICO, BY CHARLES H. RANKIN 


REVIEW BY W. A. WALDSCHMIDT! 
Midland, Texas 


“Stratigraphy of the Colorado Group, Upper Cretaceous, in Northern New Mexico,” by 
Charles H. Rankin. New Mexico State Bur. Mines and Min. Resources Bull. 20 
(Socorro, New Mexico, 1944). 27 pp., 6 figs. Price, 25 cents. 


Described in this publication are 6 sections of the Greenhorn limestone and 11 sections 
of the Colorado group (Niobrara to Dakota formations) which were measured in northern 
New Mexico and southern Colorado. 

The author has introduced the name “Juana Lopez” for a calcareous sandstone mem- 
ber of the Carlile shale. The type section of this member is west of Cerrillos, in the Mesita 
Juana Lopez Grant, Santa Fe County, New Mexico. Because fossils of Frontier age are 
abundant in the Juana Lopez sandstone, it might be advisable to consider it as a tongue of 
the Frontier. 

In addition to discussing the correlations of the measured sections and giving a short 
summary of the historical geology of the region, the author has illustrated graphically, on 
4 plates, the relationships of the formations and members of the Colorado group. 

This publication should be of value and interest to geologists engaged either in field 
work or subsurface studies in Colorado and New Mexico. 


RECENT PUBLICATIONS 


CANADA 


*“Cretaceous Formations in Canada,”’ by G. S. Hume, Oil Weekly, Vol. 116, No. 4 (De- 
cember 25, 1944), pp. 36-42; 3 figs. 
GENERAL 


*“The Future of Oil Finding,” by Paul D. Krynine. Mineral Industries, Vol. 14, No. 2 
(Pennsylvania State College, State College, Pennsylvania, November, 1944), pp. 1-3; 1 
fig. 

“Supplement to Catalogue of Mesozoic and Cenozoic Plants of North America, 1919- 
37, by R. S. LaMotte. U. S. Geol. Survey Bull. 924 (November, 1944). 330 pp. For sale 
by Supt. Documents, Govt. Printing Office, Washington 25, D. C. Price, $0.40. 

*“Abstracts,” of the annual meetings of the Geological Society of America, the 


1 Review received, December 15, 1944. 
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Paleontological Society, and Section E of the American Association for the Advancement 
of Science. Bull. Geol. Soc. America, Vol. 55, No. 12 (December, 1944), pp. 1463-86. 

*Oil Zones of Southern U.S.A., Mexico, Caribbean, South America, prepared by Seismo- 
graph Service Corporation of Delaware. Oil and Gas Jour., Vol. 43, No. 34 (Tulsa, Decem- 
ber 3c, 1944), pp. 182-99; 9 maps in color; 9 stratigraphic correlation charts. Also privately 
printed as a 22-page booklet by Seismograph Service Corporation, Tulsa, Oklahoma. Maps 
show depositional areas of major sedimentary geological systems, location of oil fields, and 
indication of oil possibilities. 

*“Characteristics of Reservoirs,” by Park J. Jones. Oil and Gas Jour., Vol. 43, No. 35 
(Tulsa, January 6, 1945), pp. 49-53; 6 figs. Part 10 of a series. 


JAMAICA 


* “Notes on the Foraminifera from Bowden, Jamaica,” by Dorothy K. Palmer. Bulle- 
tins of Amer. Paleon., Vol. 29, No. 115 (Paleontological Research Institution, Ithaca, New 
York, January 3, 1945). 82 pp., 2 pls. 


MISSOURI AND ARKANSAS 


*“The Stratigraphy of Some Lower Ordovician Formations of the Ozark Uplift,”’ by 
James S. Cullison. Univ. Missouri School of Mines and Metallurgy Bull. Tech. Ser., Vol. 15, 
No. 2 (Rolla, June, 1944). 112 pp., 24 half-tone and full-tone, 10 folded line pls. Free. 


NEW MEXICO 


“Geologic Map and Stratigraphic Sections of Permian and Pennsylvanian Rocks of 
Parts of San Miguel, Santa Fe, Sandoval, Bernalillo, Torrance, and Valencia Counties, 
North-Central New Mexico,” by C. B. Read et al. U. S. Geol. Survey Prelim. Map 21, 
Oil and Gas Inves. Ser. (January 17, 1945). Single sheet, 40 X55 inches. Scale, 1 inch equals 
3 miles. Contains 3 structure sections, 4 groups of stratigraphic sections, 2 maps showing 
thicknesses of some of the formations, text summarizing stratigraphy and oil and gas 
possibilities, and a list of wells. 


NORTH DAKOTA 


*“Stratigraphy and Structure of North Dakota,” by Wilson M. Laird. North Dakota 
Geol. Survey Bull. 18 (Grand Forks, 1944). 11 pp. reprinted from National Oil Scouts and 
Landmen’s Association Yearbook, Vol. 14 (1944), pp. 420-30; 5 figs. 


PENNSYLVANIA 


“Oil-Bearing Sands in Southwestern Pennsylvania,” by Matteson and Busch. Penn- 
syluania Top. and Geol. Survey Spec. Bull. 1 (Harrisburg, January, 1945). For sale by 
Division of Documents, Department of Property and Supplies, roth and Market Streets, 
Harrisburg. Price, $1.50. 


TEXAS 


*“Progress Report on the Ground-Water Resources of the Houston District,” by N. A. 
Rose and W. H. Alexander, Jr. Texas State Board of Water Engineers. Prepared in coopera- 
tion with the U. S. Geological Survey and the City of Houston (November, 1944). 37 mim. 
pp., 8.5 X11 inches. 12 figs. ¢ 

VIRGINIA 
““Map of the Rose Hill Oil Field, Virginia.” U. S. Geol. Survey Prelim. Map 20, Oil and 


Gas Inves. Ser. (January, 1945). For sale by Director, U. S. Geol, Survey, Washington 25, 
D. C. Price, $0.50. 
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WYOMING 


“Map of Wyoming Showing Test Wells for Oil and Gas, Anticlinal Axes, and Oil and 
Gas Fields,” by H. H. R. Sharkey, J. D. Love, and Jewell Kirby. U.S. Geol. Survey Prelim. 
Map 19, Oil and Gas Investig. Ser. (December, 1944). For sale by Director, U. S. Geol. 
Survey, Washington 25, D. C. Price, $0.50. 


WYOMING-MONTANA 


“Geologic and Structure Map of Elk Basin Oil and Gas Field and Vicinity, Park 
County, Wyoming, and Carbon County, Montana,” by C. E. Dobbin, W. B. Kramer, 
J. C. Miller, and W. C. Senkpiel. U. S. Geol. Survey Prelim. Map 19, Oil and Gas Inves. 
Ser. (January, 1945). For sale by Director, U. S. Geological Survey, Washington 25, D. C. 
Price, $0.25. 


ASSOCIATION DIVISION OF PALEONTOLOGY AND MINERALOGY 


*Journal of Sedimentary Petrology (Tulsa, Oklahoma), Vol. 14, No. 3 (December, 1944) 

“Grain Analyses of Minerals of Sand Size in Ball Mills,” by Harold L. Alling 

“Deposition of Sediment in Pool No. 15 at Rock Island, Illinois,” by Troy L. Pewe 

“Red River Mineral Provenance, Taos County, New Mexico,” by Raymond Sidwell 
and Charles A. Renfroe 

Heavy Mineral Correlation of the Fox Hills, Hell Creek, and Cannonball Sediments, 
Morton and Sioux Counties, North Dakota,” by Marie Louise Lindberg 

“An Interesting Mississippian Breccia,” by John W. Frink 


*Journal of Paleontology (Tulsa, Oklahoma), Vol. 19, No. 7, January, 1945. 

“North American Cymatoceratidae (Mesozoic Nautiloidea),” by A. K. Miller and 
Robert A. Harris 

“Some Exceptional Permian Ammonoids from West Texas,” by A. K. Miller 

“A Permian Ammonoid from Sonora,” by A. K. Miller 

“‘A New Sauropod Dinosaur from the Upper Cretaceous of Missouri,” by Charles W. 
Gilmore and Dan R. Stewart 

“A New Eocene Lizard from Wyoming,” by Charles W. Gilmore and Glenn L. Jepsen 

“The Biostratigraphy of Glycymeris veatchii in California,” by Clay T. Smith 

“The Cretaceous Flora from the Pantou Series in Yungan, Fukien,” by H. C. Sze 

“An Occurrence of Late Pleistocene Mammals in the San Francisco Peninsula,” by 
Frank E. Peabody 

“Silurian Fossils from Ripogenus Dam, Maine,” by Bradford Willard 

“The Thorax of Terataspis,” by Irving G. Reimann 

“A New Upper Cretaceous Oyster from Deep Wells in Mississippi,”’ by Lloyd William 
Stephenson 
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ASSOCIATION COMMITTEES 
EXECUTIVE COMMITTEE 


Ira H. Cram, chairman, Pure Oil Company, Chicago, Illinois 

RosertT E. RETTGER, secretary, Sun Oil Company, Dallas, Texas 

A. Ropcer Denison, Amerada Petroleum Corporation, Tulsa, Oklahoma 
WarreEN B. WEEKs, Phillips Petroleum Company, Bartlesville, Oklahoma 
Gayte Scott, Texas Christian University, Fort Worth, Texas 


REPRESENTATIVE ON DIVISION OF GEOLOGY AND GEOGRAPHY 
NATIONAL RESEARCH COUNCIL: M. G. CHENEY (1946) 


REPRESENTATIVES ON COMMISSION ON CLASSIFICATION AND 
NOMENCLATURE OF ROCK UNITS 


Joun G. BARTRAM (1945) C. W. Tomirnson (1946) M. G. CHENEY (1947) 


FINANCE COMMITTEE 
Josepn E. PoGue (1945) E. YAGER (1946) Frank R. (1947) 


TRUSTEES OF REVOLVING PUBLICATION FUND 
W. B. Witson (1945) Wattace E. Pratt (1946) Witttam D. (1947) 


TRUSTEES OF RESEARCH FUND 
W. R. BERGER (1945) CLARENCE L. Moopy (1946) E. O. MARKHAM (1947) 


BUSINESS COMMITTEE 


GrorcE S. BUCHANAN (1946), chairman, 2302 Esperson Building, Houston, Texas 
Rosert W. Crark (1945), vice-chairman, Western Gulf Oil Company, Los Angeles, California 


Emo W. Apams (1946) S. G. Gray (1945) W. B. Moore (1945) 

J. D. Amer (1945) Darste A. GREEN (1945) E. Notan (1945) 
Gorpon I. ATWATER (1945) M. Gorpon GULLEY (1945) EuisHa A. PascHAL (1946) 
RosBERrT L. BATEs (1945) Mason L. Hitt (1945) EpwIn L. Porc (1946) 
RicHARD W. Camp (1945) Joun M. Hitts (1946) Rosert E. RETTGER (1945) 
T. C. (1045) Donatp D. (1945) Scott (1945) 

R. CLARE COFFIN (1945) Writram C. Imst (1945) J. G. Spratt (1945) 

H. Cram (1946) James C. (1945) Henryk B. STENZEL (1945) 
Care H. DANE (1946) Cuar.es S. LAVINGTON (1945) EARL M. STILLEY (1946) 
Donatp M. Davis (1946) D. E. LounsBery (1946) EvGENE H. Vatiat (1946) 
A. R. DENISON (1945) F. H. McGuican (1945) Lucran H. WALKER (1945) 
STANLEY G. ELDER (1947) Tom McG Lorain (1945) Lewis G. WEEKS (1945) 
BARNEY FISHER (1946) ARTHUR M. MEYER (1946) WarrEN B. WEEKS (1945) 
Guy B. Grerwart (1945) Rosert T. WHITE (1946) 
Rex P. Grant (1945) C. E. YAGER (1945) 


COMMITTEE FOR PUBLICATION 


J. V. HowEtt (1945), chairman, 1506 Philtower Building, Tulsa, Oklahoma 
C. E. Dossin (1946), vice-chairman, 425 Denham Building, Denver, Colorado 


1945 1946 1947 
JosErH L. BorDEN Gorpon I. ATWATER J. E. 
KENDALL E. Born JamEs R. DorRANCE J. I. DANIELS 
R. L. CLrFton Fenton H. Finn Ho ruts D. HEDBERG 
CurrTon S. CorBETT P. HInDEs LEE C. LAMAR 
Lynn K. LEE GerorcE S. HuME Stuart Mossom 
E. RussEtt Litoyp GrorcE D. LINDBERG E. A. PASCHAL 
H. E. Minor A. C. Wricat K. K. SPOONER’ 

T. E. WErRIcH 
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RESEARCH COMMITTEE 
M. G. CHENEY (1945), chairman, Box 846, Coleman, Texas - 
Wintnrop P. Haynes (1945), vice-chairman, 30.Rockefeller Plaza, New York 


1945 1946 1947 
N. Woop Bass C. I. ALEXANDER E. R. ATWILL 
Ronatp K. DEForp ALFRED H. BELL RoLanp F. BEERS 
M. G. Epwarps WALTER R. BERGER G. C. GESTER 
MaArsHALL Kay Paut E. FitzGERALD Stuart E. Bucktey 
B. Kinc W. C. KruMBEIN RosBErt N. 
A. I. LEvorsEN Rapa A. LIpDLE S. W. LowMan 
Tom W. H. TWENHOFEL D. Perry Otcott 

F. M. Van JosEpH A. SHARPE 


GEOLOGIC NAMES AND CORRELATIONS COMMITTEE 
Joun G. BARTRAM (1945), chairman, Stanolind Oil and Gas Company, Tulsa, Oklahoma 


1945 1946 1947 
Rosert I. DickEy Gorpon I. ATWATER Stuart K. Clark 
Hucu D. MIsER DarsiE A. GREEN Roy T. Hazzarp 
Raymonp C. Moore Rapa W. Imray W. J. HitsEweEck 
Norman L. THOMAS Horace D. THomMas Wayne V. JONES 

C. W. Tomirnson W. ARMSTRONG PRICE 


SUB-COMMITTEE ON POST-CRETACEOUS 
W. ARMSTRONG PRICE (1947), chairman, Box 1860, Corpus Christi, Texas 


Henry V. HowE B. W. BLANPIED Gorpon I. ATWATER 
Wayne V. JONES F. Stearns MAcNEIL Tuomas L. BAILey 
Tom McGtoratin E. A. Murcaison, Jr. Marcus A. HANNA 


S. Morey 


SUB-COMMITTEE ON MESOZOIC 
Rapa W. Imray (1946), chairman, U. S. Geological Survey, Washington, D. C. 


C. I. ALEXANDER Patirp S. Morey G. D. THomas 
C. E. Dossin Henry J. Morcan Norman L. THOMAS 
L. R. McFarLanpD GayLe Scott 


COMMITTEE ON APPLICATIONS OF GEOLOGY 
Pau WEAVER (1947), chairman, Gulf Oil Corporation, Houston, Texas 


1945 1946 1947 
RoBeErtT I. DICKEY R. M. Barnes LEo R. FortTIER 
Cecit H. GREEN J. Brian Esy Tuomas A. HENDRICKS 
M. M. LEIGHTON H. S. McQuEEN KENNETH K. LANDES 
R. B. RUTLEDGE R. A. STEINMAYER 


MEDAL AWARD COMMITTEE 
A. RopGer DENISON, chairman (1945), Amerada Petroleum Corporation, Tulsa, Oklahoma 
Donatp D. HucuEs, ex officio, president of S.E.P.M. 
WittraM M. Rust, Jr., ex officio, president of S.E.G. 


1945 1946 1947 
G. CLARK GESTER FRANK R. CLARK H. B. Fuqua 
DarsiE A. GREEN RayMmonp F. BAKER TuHorNTON Davis 
WALLACE C. THOMPSON James A. MAcDONELL Hucsa D. Miser 


NATIONAL SERVICE COMMITTEE 
KENNETH C. HEALD, chairman, The Gulf Companies, Box 1166, Pittsburgh, Pennsylvania 


Fritz L. AuRIN Joun O. GALLOWAY Epwarp A. KoEsTER 
A. E. BRAINERD M. Gorpon GULLEY Morris M. LEIGHTON 
GEorGE M. CUNNINGHAM W. Dow Hamm Part F. Martyn 
THORNTON Davis Wintarop P. HAyNES Dean A. McGEE 
Ronatp K. DEForD W. B. HEroy CLARENCE L. Moopy 


A. RopGEer DENISON W. Hoots 
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DISTINGUISHED LECTURE COMMITTEE 
Joun L. FERGUSON, chairman, Amerada Petroleum Corporation, Tulsa, Oklahoma 
Joun W. INKSTER W. J. HitsEweEcx Frep H. Moore Grover E. Murray, JR. 


COMMITTEE ON SOUTH AMERICAN GEOLOGY 
A. I. LEvorsEN, chairman, 221 Woodward Boulevard, Tulsa, Oklahoma 


COMMITTEE ON CODE OF ETHICS 
C. W. Tomurnson, chairman, 509 Simpson Building, Ardmore, Oklahoma 
Raymonp F. BAKER Orvat L. BRACE Harotp W. Hoots T. S. HarRIson 


COMMITTEE ON METHOD OF ELECTION OF OFFICERS 
Joun G. BarTRAM, chairman, Stanolind Oil and Gas Company, Tulsa, Oklahoma 


Ronatp K. DEForp Joun S. Ivy C. L. Moopy 
W. Dow Hamu D. MIsER Eart B. 


PAST AND PRESENT OFFICERS OF THE ASSOCIATION 


At President Vice-President' Editor® 
1917 Tulsa J. Elmer Thomas Alex. Deussen M. G. Mehl C. H. Taylor 
1918 Oklahoma City Alex. Deussen I. C. White* W.E. Wrather CC. H. Taylor 
1919 Dallas I. C. White‘ Irving Perrine C. E. Decker C. H. Taylor 
1920 Dallas W. E. Pratt Alex. W. McCoy® C. E. Decker R. C. Moore 
1921 Tulsa G. C. Matson G. C. Gester C. E. Decker R. C. Moore 
1922 Oklahoma City W. E. Wrather Max W. Ball C. E. Decker R. C. Moore 
1923 Shreveport Max W. Ball F. W. DeWolf C. F. Decker R. C. Moore 
1924 Houston J. H. Gardner E. G. Gaylord C. E. Decker R. C. Moore 
1925 Wichita E. L. DeGolyer R.S. McFarland C. FE. Decker R. C. Moore 
1926 Dallas Alex. W. McCoy® C.R.McCollom Fritz L. Aurin J. L. Rich 
1927 Tulsa G. C. Gester Luther H. White David Donoghue J. L. Rich 
1928 San Francisco R.S. McFarland J. E. Elliott David Donoghue J. L. Rich 
1929 Fort Worth J. Y. Snyder® Fred H. Kay’ A.R. Denison _ F. H. Lahee 
1930 New Orleans Sidney Powers* Ralph D. Reed? Marvin Lee F. H. Lahee 
1931 San Antonio L. P. Garrett!° L. C. Decius Frank R. Clark I. H. Lahee 
1932 Oklahoma City F. H. Lahee R. J. Riggs W. B. Heroy R. D. Reed? 
1933 Houston Frank R. Clark George Sawtelle W. B. Heroy L. C. Snider 
1934 Dallas W. B. Heroy E. B. Hopkins" M.G.Cheney _ L.C. Snider 
1935 Wichita A. I. Levorsen F. A. Morgan FE. C. Moncrief __L. C. Snider 
1936 Tulsa Ralph D. Reed? E. Dobbin Chas. H. Row __L.C. Snider 
1937 Los Angeles H. B. Fuqua C. L. Moody Tra H. Cram W. A. Ver Wiebe 
1938 New Orleans D.C. Barton” H. W. Hoots Ira H. Cram W. A. Ver Wiebe 
1939 Oklahoma City Henry A. Ley L. M. Neumann Ed. W. Owen W. A. Ver Wiebe 
1940 Chicago L. C. Snider John M. Vetter Ed. W. Owen W. A. Ver Wiebe 
1941 Houston Ed. W. Owen Earl B. Noble E. O. Markham W. A. Ver Wiebe 
1942 Denver F. L. Aurin Paul Weaver E.O. Markham  W. A. Ver Wiebe 
1943 Fort Worth A. R. Denison R. W. Clark R. E. Rettger Carey Croneis 
1944 Dallas Ira H. Cram W. B. Weeks R. E. Rettger | Gayle Scott 


1 From March, 1929. to March, 1932, the corresponding office was /irst vice- - president. 
2 From March, 1929, to March, 1932, the corresponding office was second vice-president in charge of finances. 
3 From March’ 1929, to March, 1932, the ig ere office was third vice- - president in charge of editorial work. 


4 Died, November 25, 1927. Died, January 3, 1940. 6 Died, January 10, 1939. 
ea Died, June 30, 1944. + Died, July 9, 1943. 8 Died, November 5, 1932. 
Died, "January 20, 1940. 10 Died; December 13, 1943. Died, July 5, 1940. 


12 Died, July 8, 1939. 
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MEMBERSHIP APPLICATIONS APPROVED FOR PUBLICATION 


The executive committee has approved for publication the names of the following 
candidates for membership in the Association. This does not constitute an election but 
places the names before the membership at large. If any member has information bearing 
on the qualifications of these nominees, he should send it promptly to the Executive Com- 
mittee, Box 979, Tulsa 1, Oklahoma. (Names of sponsors are placed beneath the name of 
each nominee.) 


FOR ACTIVE MEMBERSHIP 


Sheridan A. Berthiaume, Houston, Tex. 

John C. Miller, W. W. Patrick, Oscar L. Bocock 
Sam Glen Billings, Oklahoma City, Okla. 

Garth W. Caylor, John Janovy, J. M. Clark 
Ralph David Chambers, Midland, Tex. 

Cary P. Butcher, George R. Gibson, Bernerd A. Ray 
Aimer Floyd Childers, Jr., Houston, Tex. 

H. E. Minor, P. B. Leavenworth, Marcus A. Hanna 
Charles Hewitt Dix, Pasadena, Calif. 

Herbert Hoover, Jr., John P. Buwalda, Barthold W. Sorge 
James Cornelius Gilbert, Cody, Wyo. 

E. W. Krampert, R. W. Sherman, J. R. Pemberton 
Joseph Baldwin Koenig, Midland, Tex. 

Hal P. Bybee, Berte R. Haigh, George R. Gibson 
Hubert Lowell Popenoe, Jr., Bakersfield, Calif. 

D. E. Taylor, Arthur S. Huey, Arne Junger 
James Richardson Randolph, Houston, Tex. 

W. Hafner, F. Goldstone, L. K. Mower 
Jackson Bennett Sparks, Newark, Ohio 

Reginald G. Ryan, J. R. Lockett, Daniel A. Busch 


7 Ralph Henry Wilpolt, Albuquerque, N. Mex. 
a Robert L. Bates, Georges Vorbe, Hugh D. Miser 
2 FOR ASSOCIATE MEMBERSHIP 


John Robert Berg, Wichita, Kan. 
John W. Inkster, H. E. Summerford, A. C. Trowbridge 
Thomas Brown Campbell, Tyler, Tex. 
Lynn L. Harden, Pat Meholin, Parker A. Robertson 
Robert Sinclair Dietz, Westfield, N. J. 
F. W. DeWolf, Harold R. Wanless, F. M. Van Tuyl 
Harvey F. French, Denver, Colo. 
C. E. Dobbin, William B. Kramer, Gaylord G. Frazier | 
Ross Henry Ley, Fort Worth, Tex. 
C. W. Studt, T. E. Weirich, Walter R. Berger 
Bonnie Enerud McCosh, Midland, Tex. | 
Charles D. Vertrees, E. E. Lindeblad, Warren O. Thompson 


Glenn Ernest McKinley, Oklahoma City, Okla. 
Charles E. Decker, V. E. Monnett, C. G. Lalicker 


FOR TRANSFER TO ACTIVE MEMBERSHIP 


Gerson Herzl Brodie, Abilene, Tex. 
E. L. Earl, W. R. Ransone, C. V. A. Pittman 
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Horace Chesterfield Davis, Wichita, Kan. 

A. S. Bunte, Robert S. Clark, Wendell S. Johns 
Robert Bowen Kelly, Glendale, Calif. 

R. Ten Eyck, Glenn H. Bowes, R. M. Barnes 
Robert Edmond LeBlond, Midland, Tex. 

Ronald K. DeFord, George R. Gibson, Cary P. Butcher 
David Taylor Richards, Wichita Falls, Tex. 

Hubert E. Bale, Richard W. Camp, R. W. Laughlin 
Sam H. Stith, Jr., Evansville, Ind. 

Stanley G. Elder, Daniel J. Jones, Arthur C. McFarlan 

(Continued on page 252) 


FOURTH WAR-TIME CONFERENCE CANCELLED 


To the members and associates of The American Association of 
Petroleum Geologists: 


In compliance with the request of the Honorable James F. Byrnes, the execu- 
tive committee has cancelled the fourth war-time conference of the Association 
scheduled to be held at the Mayo Hotel, Tulsa, Oklahoma, March 20-22, 1945. 
In accordance with the constitution and by-laws of the Association, a corporation, 
the annual meetings of the business committee and of the Association will be held 
at the Mayo Hotel, Tulsa, Oklahoma, March 27, 1945. Only necessary Associa- 
tion business will be transacted. 


Tra H. CRAM 
Chairman of the executive committee 


At its annual meeting on January 4, 1945, the West Texas Geological Society, Mid- 
land, Texas, elected the following officers for the year 1945: president, F. H. McGuican, 
Lion Oil Refining Company; vice-president, LEO NEWFARMER, Shell Oil Company, Inc.; 
secretary-treasurer, ALAN B. LEEPER, Honolulu Oil Corporation. 


Max W. BALt delivered the Bownocker lectures before the department of geology and 
the Society of Sigma Xi, at the Ohio State University, on January 15 and 16. On January 
15 he spoke on “The Search for Oil,” on January 16 ‘“‘The Athabaska Oil Sands” and “An 
Adventure in Statecraft.” The last lecture was an account of the accomplishments of the 
petroleum industry in coéperation with the Government at the unprecedented task of 
fueling the war. 


GEOLOGISTS NEEDED IN FEDERAL SERVICE 
A new announcement of interest to geologists has just been issued by the Civil Service 
Commission. Throughout the war period there has been a continuing opportunity for per- 
sons with geological experience or training. For this reason the Commission has issued 
the current announcement to replenish its lists of eligible persons who are interested in 
this type of work. The positions to be filled pay $2,433 a year including the amount for 
overtime. 
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Three years of technical experience in the field of geology are required, unless ap- 
propriate college study is substituted therefor. The experience must have included work 
in one of the following branches of geology: stratigraphy; structural geology; paleontology 
mineralogy; petrology; or the geology of mineral deposits, ground waters, or petroleum. 

If substituting education for experience, applicants must show completion of a full 
course of college study leading to a bachelor’s degree including at least 30 semester hours 
of study in geology. A combination of experience and education may also be qualifying. 

There are no age limits for these positions and no written test will be given. Full in- 
formation and application forms may be secured at first- and second-class post offices, 
from the Commission’s regional offices, or direct from the U. S. Civil Service Commission, 
Washington 25, D. C. 

Appointments to Federal positions are made in accordance with War Manpower Com- 
mission policies and employment stabilization programs. 


PROPOSED GEOLOGICAL INSTITUTE OF AMERICA! 


A. RODGER DENISON? 
Tulsa, Oklahoma 


At the annual meeting of The American Assoc‘ation of Petroleum Geologists at Den- 
ver in April, 1942, Carey Croneis gave an address on “Geology in War and Peace.’* In 
this address Croneis ‘‘ . . . contended that the profession of geology does not occupy as 
high a position in national esteem, and thus in fundamental national utility, as its poten- 
tial importance warrants.” To correct this condition he made “ . . . several suggestions 
for the good of the science.” The first of these was—‘‘Organize an American Geological 
Association to which each geologist, each person fundamentally interested in the subject, 
may belong regardless of field of specialization, or prime professional application.”’ Three 
other suggestions were made, the last of which has a very close relationship to the first and 
is as follows—“Inaugurate and consistently maintain a unified, vigorous, and yet dignified 
public relations program.” 

This address stimulated much discussion during the next several months, which was 
further augmented by an address—‘“‘Geological Warfare’—presented by Croneis before 
several of the local affiliated geological societies. There developed a desire among a number 
of the membership of The American Association of Petroleum Geologists and other soci- 
eties to have a meeting called at which the idea of an American Geological Association 
could be discussed. 

In response to this growing sentiment, and in line with Croneis’ idea that ‘“The Ameri- 
can Geological Association should be sponsored by the present officers of the major ge- 
ological societies,” Fritz L. Aurin, then president of the A.A.P.G., sent a letter in March, 
1943, to all national and local societies which had geology as their principal interest. This 
letter invited each society to send a representative to a meeting to be held in Fort Worth 
on April 10, 1943 (on the day following the close of the A.A.P.G. annual meeting). 

Every society replied to this letter and the majority of them sent representatives. 
These representatives, together with many other geologists having an interest in the sub- 
ject (total of more than 100) heard Croneis give a review of his ideas of the year before and 
outline a framework of the plan for organizing an American Geological Association.‘ 


1 Manuscript received, January 11, 1945. 

2 Representative of the Association at the New York meeting. 

3 Bull. Amer. Assoc. Petrol. Geol., Vol. 26 (July, 1942), pp. 1221-49. 

4 “Geological ‘Union Now’,” Bull. Amer. Assoc. Petrol. Geol., Vol. 27 (July, 1943), pp. 1001-07. 
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At this meeting A. I. Levorsen was selected as temporary chairman and after several 
hours of lively and constructive discussion two resolutions were adopted as follows. 


(1) Resolved that it is the concensus of this meeting that the geological organizations can con- 
tribute more effectively to the service of society by sponsoring a new association which shall have for 
its purpose the coordination and integration of the efforts designed to demonstrate universal applica- 
tions of the earth sciences. 

(2) Resolved that the chairman of this meeting shall appoint a committee of five composed of 
representatives of societies here present, who shall formulate a statement of the fundamental pur- 
poses of the proposed association for the advancement of earth sciences and a suggested form of or- 
ganization to accomplish these purposes, and that the statement and plan be transmitted to each of 
the interested societies with the request that they appoint official representatives to attend an or- 
ganization meeting to be held at the call of the Chairman of this meeting at the earliest practicable 
date. 


The following committee was named pursuant to the foregoing resolution 2. 


Lincoln R. Thiesmeyer, chairman Paul Weaver 

A. Rodger Denison Carey Croneis, consultant 
W. B. Heroy Paul H. Price, ex-officio 
W. Taylor Thom, Jr. A. I. Levorsen, ex-officio 


The work of this committee was summarized by Levorsen as follows. 


This committee (with the exception of Thom, Weaver, Croneis, and Price, who were unable to be 
present but who later, by correspondence, concurred in the action taken) met for three days, August 
20, 21, and 22, 1943, in Chicago. The committee, which was assisted throughout the meeting by the 
active participation of Fritz L. Aurin, Fred H. Lahee, Ira H. Cram, and Theron Wasson, discussed 
the various possible ways of achieving the desired results. In general, the methods suggested were: 

(1) Changing the Constitution of one of the existing societies in order to expand its activities; 

(2) Organization of an entirely new society consisting of individual members, probably with re- 

quirements for membership less in geological achievement than in any of the present national 
organizations; and 

(3) — of a federation, an institute, or a council in which the membership shall be in 

either: 
(a) the national geological organizations; 
(b) national and local geological organizations. 

The committee unanimously agreed that the best method would be a federation or council of the 
national earth science societies whose members have professional standing. This is somewhat along 
the lines which the physicists and biologists have united their societies. The advantages of such a plan 
over the others are as follows: 

(1) It does not require the joining of a new association, institute or society by the individual; 

(2) If all the local societies were included in the governing board, when such a board met it 

would be a large and cumbersome group on the scale of an annual convention. By confining 
the membership to the national organizations, with the work done by a board of directors of 
not over 15 or 20 persons, a means is provided of efficiently and economically carrying out the 
aims of geology. The proposed organization is a working group. 
Most geologists, geophysicists, and engineers, who are members of local societies are also 
members of one or more of the national organizations and they will be represented through 
such membership equally as well as if the local societies were included. Other interested per- 
sons not so represented may be reached through some more general and popular publication 
than the present technical journals depending on the action of the governing board. 


(3 


TENTATIVE CONSTITUTION 


The result of the committee meeting in Chicago was the drawing up of a tentative constitution in 
accordance with the conclusions that a council or federation of geological societies was the most 
practical and efficient manner of handling the problem. The constitution which was drawn, deliber- 
ately gives the council, through its directors, broad and flexible powers because it is not possible at 
ps time to define the activities or actions which may at some future time best serve the interests of 
geology. 


Levorsen was instructed by this committee to communicate the results of the com- 
mittee’s findings to the several geological organizations who were or might be interested in 
their deliberations. On April 3, 1944, Levorsen sent a report and the tentative constitution 
as prepared by the committee to the secretary of the following geological societies. 
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American Association of Petroleum Geologists 
American Geophysical Union 

American Institute of Mining and Metallurgical Engineers 
Geological Society of America 

Mineralogical Society of America 

Paleontological Society 

Seismological Society of America 

Society of Economic Geologists 

Society of Economic Paleontologists and Mineralogists 
Society of Exploration Geophysicists 

Society of Vertebrate Paleontologists 


The following action was requested of each society to whom the report was sent. 

(1) Officially study the proposed constitution and its mmplications to their organization. 

(2) Advise of any suggestions or changes which should be made to comply with their constitution 
or the way in which they transact their business. 

(3) Advise of the procedure which will be followed and the time required for their governing body 
to approve in principle, but without final commitment, the tentative constitution and to 
authorize an official representative to meet with the representatives of the other Founder 
Organizations in an exploratory constitutional convention where a final constitution may be 
drawn in which the interests of each organization will be considered. This proposed final 
constitution would then be re-submitted to each of the prospective Founder Societies for 
final approval. 


It required considerable time for the several societies to comply with the action re- 
quested in the letter so that it was not until September 20, 1944, that a call was issued for 
a meeting of the official representatives of the several societies, at which the tentative 
constitution could be examined and rewritten to conform with the many comments and 
criticisms which had been made. 

Sixteen official representatives of eight societies and six observers met in New York 
at the headquarters of the Geological Society of America on October 22 and continued 
their meeting into October 23. In all, a total of 22 geologists took part in the discussions 
during these two days. This was a “constitutional convention” and the primary business 
conducted at this meeting was the rewriting of the tentative document which had been 
submitted to these societies. 

Lincoln R. Thiesmeyer, chairman of the committee appointed at Fort Worth and sec- 
retary (by election) of the meeting in New York, prepared a report and summary of the 
ideas of those favoring the establishment of the American Geological Institute. The fol- 
lowing information is taken from his letter of November 15, 1944. 


THE NEEDS FOR THE ORGANIZATION 


(1) The need for an organization which will represent authoritatively all the fields of geology and 
all professional workers in the multiplying specialties of geologic science and technology on problems 
of common interest or of public service. 

(2) The need to provide a simple and efficient mechanism for coordinating the efforts of existing 
organizations in these fields on matters of common interest. It is obvious that the service of the earth 
sciences to society can be immeasurably increased by such cooperative effort. 

(3) The need for both wider and fuller understanding among intelligent people of the meaning 
and especially of the usefulness of earth sciences. The most striking example of this need, one that 
has impressed many geologists deeply, is the failure of our military leaders to call upon geological 
sciences for a greater application of their special disciplines in the present war. 


After a thorough exploration of several alternative proposals for meeting these needs 
the representatives present voted that establishment of a federation of independent na- 
tional societies, each retaining its complete autonomy while cooperating with others for 
their mutual benefit, holds greater promise of success than creation of a new society that 
would require membership by individuals, or than the modification of an existing organiza- 
tion. Faith in this conclusion is strengthened by the striking progress of just such feder- 
ation in two of our sister sciences—the Union of American Biological Societies, founded 
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nearly twenty-five years ago, and the American Institute of Physics, now in its fourteenth 


year. 
SCOPE OF THE ORGANIZATION 


At the New York meeting there was extensive discussion on the specific objectives and 
character of such an organization for the earth sciences. There was general agreement that 
it should have the broadest possible scope, encompassing in its objectives the entire field 
of pure and applied geology. It should become the means of implementing a pledge of 
cooperation between groups having diversified interests but a common denominator in the 
parent science, geology. 

Obviously a list of specific objectives would reflect and might even be to some extent a 
composite of the objectives of the constituent organizations. The list should, however, be 
more comprehensive than the dominant objectives of any of the individual societies. 
Broadly stated, the objectives of the proposed new organization might include all those 


here listed. 
List OF PossIBLE OBJECTIVES 


To coordinate effort among all organizations, institutions, societies and agencies functioning the 
field of earth sciences 

To improve and extend the application of geologic science to the development of mineral resources 
and to human industry and welfare 

To promote public education in geology and in its usefulness to society 

To encourage and promote research and investigation in earth sciences and in other sciences con- 
tributing to a knowledge of the earth and of its history 

To serve as a single, unifying and authoritative voice for all branches of geologic sciences in rela- 
tion with government, in military circles and to the general public 

To encourage closer relations between geology and the other sciences 

To improve the education and increase and improve the supply of geologists, and other profes- 
sional groups engaged through study, research, teaching or application in either pure or applied 


geology 
To increase and improve the supply of competent teaching personnel in all fields of earth sciences 
To become a center of information and counsel to all agencies interested in procuring the services 
of men trained in earth sciences 


It is thought that the degree of emphasis to be given to any one or any combination 
of these goals, and the specific means to be taken for achieving them, should be deter- 
mined by the Institute’s board of directors, rather than by the group at the constitutional 
convention. In this way the member organizations can control both the tenor and the 
tempo of the program. This control should be exercised by each organization on an equal 
basis, regardless of the size of its individual membership or the stature of its treasury. This 
is desirable because extensive overlapping of membership between our societies makes 
true equality of numerical representation almost impossible. 

All are agreed that in attempting to carry out these purposes the new organization 
should utilize existing machinery wherever feasible and should seek diligently both to 
avoid and to eliminate duplication of effort and expenditure. This means operating to a 
substantial degree through the member organizations. Nevertheless, the Institute should 
also initiate all new activities which the board finds are for the common good. 

For efficient operation it should have a simple organizational pattern and should en- 
gage competent full-time personnel to carry out the policies of its governing group. This is 
the only assurance of that continuity of effort, that commonly is the difference between 
noble intentions and real achievements. 

To do this on a scale merited by the urgency of the need, consistent with the dignity of 
the professional societies represented, and inspiring confidence both internally and in the 
public mind, calls for substantial financing. Therefore, the Institute must have the power 
to solicit and receive funds. A strong sentiment was expressed that financing of the pro- 
posed Institute should not be undertaken by the member societies through dues or com- 
mitments made as an obligation of membership, but should be procured through action 
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of its own governing body after it has been formally created. To carry on the program for 
the first year or two it may be desirable to secure voluntary contributions from interested 
individuals or groups. There is no reason to believe, however, that its directors will not be 
successful in finding the necessary funds for self support if they develop a program properly 
conceived, carefully controlled and appropriately presented. On the contrary, the success 
of the American Institute of Physics in obtaining ample funds from foundations and from 
industry demonstrates the possibility. 

The constitution of the proposed American Geological Institute is given in full here. 
It is the result of nearly 2 years of work, study, and deliberation by a widely diversified 
group of geologists. 

CONSTITUTION 
ARTICLE I—NAME 


The name of this organization shall be the American Geological Institute. 


ARTICLE II—PURPOSE 


The purpose of this organization is the advancement of geology in all its branches by 
providing an agency for the cooperation of non-profit organizations active in the fields of 


pure and applied geology. 
ARTICLE III—MEMBERSHIP 


The following organizations are eligible for initial membership in the Institute. 
American Association of Petroleum Geologists 
American Geophysical Union 
American Institute of Mining and Metallurgical Engineers 
Geological Society of America 
Mineralogical Society of America 
Paleontological Society 
Seismological Society of America 
Society of Economic Geologists 
Society of Economic Paleontologists and Mineralogists 
Society of Exploration Geophysicists 
Society of Vertebrate Paleontology 


Other non-profit organizations of national scope may be admitted to membership by 
the approval of two-thirds of the member organizations. 


ARTICLE IV—BOARD OF DIRECTORS 


The control and management of the affairs of the Institute shall be vested in a Board 
of Directors consisting of two Directors designated by each member organization. 

The Directors shall be designated for a term of two years, except that initially one 
Director from each member organization shall be designated for one year. In case of a 
vacancy the member organization concerned shall make a new designation to complete 
the unexpired term. For purposes of determining the terms of Directors, a year shall be 
construed as the period extending from the close of one annual meeting to the close of the 
next. 

Three Directors-at-large may be chosen annually by the Board of Directors to serve 
for one year as additional regular members of the Board. 


ARTICLE V—OFFICERS 


The officers of the Institute shall be a President, a Vice-President, and a Secretary- 
Treasurer, who shall be elected annually by the Board of Directors from among its mem- 
bers. They shall take office at the close of the meeting at which they are elected. The 
President, or in his absence, the Vice-President, shall preside at meetings of the Board of 
Directors. The duties of the officers shall be those usually devolving upon such officer, 
except as may be determined by the Board of Directors. 
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ARTICLE VI—MEETINGS 


The annual meeting of the Board of Directors for the election of officers and for the 
transaction of such other business as may properly come before the meeting shall be held 
in December or January at such time and place as the President may designate. Directors 
representing two-thirds of the member organizations shall constitute a quorum, and a 
majority vote of the Directors present shall be required for the transaction of business. A 
member organization may designate alternates for any of its Directors unable to attend. 


ARTICLE VII—EXECUTIVE COMMITTEE 


There shall be an Executive Committee of the Board of Directors, which shall consist 
of the President, the Vice-President and the Secretary-Treasurer of the Institute. 

The Executive Committee shall be charged with the conduct of such business as may 
be delegated to it by the Board of Directors and shall have authority to act for the Board 
in the interim between meetings of the Board to such extent as the Board may authorize. 

With the prior approval of the Board of Directors, the Executive Committee may es- 
tablish a headquarters office and employ qualified personnel for conducting the business of 
the Institute. 

ARTICLE VIII—OTHER COMMITTEES 


The Board of Directors shall have the power to establish other committees, appoint 
their members and assign their duties. The members of such committees may or may not 
be members of the Board. The term of each such committee, unless otherwise specified, 
shall expire at the close of the next annual meeting of the Board following the appointment 
of the committee. 

ARTICLE IX—FINANCES 


The Institute shall have the power to solicit and receive funds. The Board of Directors 
shall have control of the management and disbursement of the funds of the Institute. 


ARTICLE X—-AMENDMENTS 


Amendments to this Constitution may be proposed in writing to the Board of Direc- 
tors by any Director. Upon at least thirty days’ notice, they shall be considered by the 
Board of Directors, and, if approved, shall become effective upon ratification by two-thirds 
of the member organizations. 


ARTICLE XI—RULES AND REGULATIONS 


The Board of Directors may adopt such rules and regulations as it deems necessary or 
desirable for the conduct of the affairs of the Institute. 


ARTICLE XII—RESIGNATION 


Any member organization may resign by giving written notice to the President of its 
withdrawal from the Institute, and thereupon its membership and the terms of office of the 
- Directors designated by it shall terminate. 


ARTICLE XIII—RATIFICATION 


This Constitution shall become effective upon its ratification by seven of the organiza- 
tions listed in Article III. 

In the form here presented the constitution was approved by the representatives of 
eight national geological organizations. It is now referred back to each of these eight or- 
ganizations for consideration by the membership and officers of these organizations. This 
constitution is now before the membership and officers of The American Association of 
Petroleum Geologists for their consideration. Ratification by this organization and six 
others named in the constitution will activate the American Geological Institute. 
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MEMORIAL 


GERHARD HENNY 
1890-1944 


Gerhard Henny was born in Batavia, Java; however, his family moved to Holland 
when he was 3 years of age. He obtained his early schooling in Amsterdam following which 
he attended the Polytechnic University of Zurich, Switzerland. He obtained a Chemical 
Engineer degree in 1912 and followed this with a year of post-graduate work in mineralogy 
and petrography under Professor Grubenmann. In 1913 he enrolled at the University of 
Lusanne, Switzerland, for post-graduate work. His thesis work in the Tyrol was inter- 
rupted by the outbreak of World War I and it was 1917 when he obtained his Doctor of 
Philosophy degree from Lusanne. 

The following year Dr. Henny spent in an investigation of the oil possibilities of Italy 
and Sicily. Upon his return to Holland in 1919 he received the appointment of assistant 
professor at the University of Delft. In 1920 he returned to the Dutch East Indies where he 
undertook geologic mapping on the Island of Boeroe. Upon completing this work he re- 
turned to Europe and spent several months at Sorbonne working up the results of the 
Boeroe investigation. 

In 1922 Dr. Henny came to the United States and entered the employ of Roxana 
Petroleum Corporation at Ponca City, Oklahoma. His first assignment was in southern 
Kansas where he did geologic mapping in the vicinity of the Eldorado and Augusta oil 
fields. The following year he was transferred to the Shell Oil Company in California with 
headquarters in Bakersfield. 

During the following 7 years from 1923 to 1930 Dr. Henny worked in many parts of 
the San Joaquin Valley and acquired a wide circle of friends and acquaintances throughout 
the oil fraternity of California. 

In 1930 he opened an office as consulting geologist in Los Angeles. In this capacity 
he undertook geological investigations in California, Arizona, and Alaska. 

Dr. Henny was the author of several geologic papers on the Alps, the Island of Boeroe, 
and the San Joaquin Valley, California, and in addition published a paper on evolution. 
He was a member of the geologic societies of Italy, France, Switzerland, and Holland as 
well as the American Association of Petroleum Geologists and the American Institute of 
Mining and Metallurgical Engineers. 

Dr. Henny will be missed by his wide coterie of friends and acquaintances for it can 
truly be said that life was never dull when Gerhard was around. He died, September 9, in 
San Pedro, California, after a brief illness. 

L. M. CLark 


SHELL Ort Company OF CANADA LIMITED 
CALGARY, ALBERTA 
December, 1944 
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AT HOME AND ABROAD 


CURRENT NEWS AND PERSONAL ITEMS OF THE PROFESSION 


Stewart Barctay, of the Phillips Petroleum Company, Bartlesville, Oklahoma, has 
been transferred to the Phillips Venezuelan Oil Company at Caracas, Venezuela. 


WrraM S. PIKE, Jr., of the Shell Oil Company, Ind., has been transferred from 
Houston, Texas, to 1056 O’Sullivan Building, Baltimore, Maryland, where he is acting 
district geologist. 


Hew ett A. RussELt has opened his own office as consulting geologist in the McCain 
Building, Graham, Texas. 


Ernst Kunpic, formerly with Diadema Argentina S. A. de Petroleo at Buenos Aires, 
is with Cia. de Petroleo Shell de Colombia, Bogota, Colombia. 


R. E. STEwart, formerly of Ventura, California, is with the Oregon State Department 
of Geology and Mineral Industries, 702 Woodlark Building, Portland, Oregon. 


Marion HarBIn Funk, district geologist for the Sun Oil Company at Midland, Texas, 
since 1937, died in Midland, December 30, from a heart attack. His age was 46 years. 
Funk was a graduate of the University of Nebraska (1926). His early work was for the 
Gulf Oil Company in Venezuela and later he gained wide experience in the Gulf Coastal 
Plain, the Mid-Continent, and the southern Permian basin of the United States, in the 
employ of the Louisiana Oil Refining Corporation, the Pure Oil Company, the American 
Oil Company, and the Sun Oil Company. 


W. Kentey Crark, of the Superior Oil Company, has moved from Houston to Shreve- 
port to open a district office for his company. 


W. K. EsGEn has resigned his position as Gulf Coast division manager of the British- 
American Oil Producing Company and has opened an office at 503 Mellie Esperson Build- 
ing, Houston, Texas. 


Frank W. BELL, of the Shell Oil Company, Ind., is president of a new geological soci- 
ety in northern California. His address is 514 Forum Building, Sacramento. 


J. M. BucBEE has moved from Houston, Texas, to Lake Charles, Louisiana. He is a 
senior explortation engineer with the Shell Oil Company, Inc. 


C. W. Tomitnson, of Ardmore, Oklahoma, spoke on “Natural Resources in Post-War 
Planning,” before the Tulsa Geological Society, January 4. The meeting was held in Ter- 
rell Hall, University of Tulsa. 


Lieutenant Colonel Donatp F. NEWELL died on December 7, 1944, of wounds received 
in action in the Southwest Pacific. Before entering the service in April, 1941, he was a 
geologist with the Phillips Petroleum Company in Corpus Christi, Texas. 


Lieutenant Colonel J. D. Tompxtns, formerly with the Acme Oil and Royalty Com- 
pany, Midland, Texas, is stationed in India with the India-China Division of the Army Air 
Forces. 


W. R. Canapa is with the Magnolia Petroleum Company at Lake Charles, Louisiana. 


J. N. Coney is with the Seaboard Oil Company of Delaware at Corpus Christi, 
Texas. 
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At a regular supper meeting of the Alberta Society of Petroleum Geologists, January 4, 
at the Renfrew Club, the Public Relations Branch, Northwest Service Command, United 
States Army, showed a technicolor film on ‘‘The Canol Project.”’ The Society has a mem- 
bership of nearly 80. 


Epwarp D. Lynton has returned after 21 months with the Foreign Economic Ad- 
ministration, 18 of which were overseas, in French North Africa, Tripolitania, Egypt, and 
England. The work consisted of rehabilitating the French economy in North Africa, and 
various engineering problems. Lynton is back with the California Research Corporation, a 
subsidiary of the Standard Oil Company of California. He is located at the main office, 
200 Bush Street, San Francisco. 


W. L. WuITEHEAD, who has been in charge of geological exploration for aluminum ores 
in Haiti, Puerto Rico, the Dominican Republic, Cuba, and Mexico for the Reynolds Metals 
Company, has recently returned to the Massachusetts Institute of Technology. Dis- 
coveries of bauxite made in Haiti by the field parties, which included R. R. SHRocK and 
ForBES ROBERTSON, are being developed under the direction of CARL SCHMEDEMAN, chief 
geologist of the Reynolds Mining Company. 


PARKER D. TRASK, of the United States Geological Survey, has been appointed pro- 
fessor of geology in the University of Wisconsin. He will enter upon his duties in Septem- 
ber, 1945, following completion of his present assignment on war work for the United 
States Geological Survey. 


CHESTER D. WuortaN has been the Officer in Charge of Aerial Photographic Inter- 
pretation for the United States Navy in the Mediterranean area since shortly after the in- 
vasions of North Africa. He took part in the invasions of Sicily, Italy, and Southern 
France. For his work in the invasion of Southern France he was awarded the Commenda- 
tion of the Secretary of the Navy. On November 17, 1944, he was promoted to the rank of 
Lieutenant Commander. He has been assigned to permanent duty at the Photographic 
Interpretation Center, Naval Air Station, Anacostia, D. C., and expects to be located 
there for a few months. His permanent address remains Box 311, Coudersport, Pennsyl- 
vania. 


NorMAN L. Tuomas, secretary of the San Joaquin Geological Society, Bakersfield’ 
California, reports the technical program of that society for year 1944 as follows. 


January 22, Sam H. Knicut, “The Physical Evolution of the Rocky Mountains” 
geri 16, Jack Q. ANDERSON, “Miocene Stratigraphy of the East and West Sides of East Coalinga 
ields” 

March 14, F. E. WELuNGs, “Petroleum Geology of the Middle East” 

April 11, Jos—epH J. GRAHAM, HERMAN W. WEDDLE, and BurTON R. ELLIson, “Paleocene” 

May 9g, M. N. BRAMLETTE, “Stratigraphic Relations in the Lower Miocene on the West Side of the 
Salinas Valley” 

June 19, T. P. PENDLETON, “Newly Developed Methods of Making Topographic Maps from Aerial 
Photographs” 

August 17, GLENN H. Fercuson, “Notes Concerning Florida” 

September 20, ARTHUR S. Huey, ‘“‘Geologizing in Montana” 

October 24, N. L. TALIAFERRO, “Cretaceous and Paleocene of the Santa Lucia Range” 

November 14, RatpH E. Stewart, “Paleocene on the West Side of the San Joaquin Valley” 

December 20, Joun H. BEAcu and R. STantEy Beck, “A Discussion of the Areal Distribution and 
Stratigraphic Position of the Wicker Sand.” 


There are 107 geologists in the San Joaquin Valley. Members of the Association in good 
standing in 1944 numbered 74. The average attendance at each meeting was 47. The 
officers for 1944 were: GLENN H. FERGUSON, chairman; THomas K. BOowLEs, vice- 
chairman; NorMaN L. Tuomas, secretary-treasurer. Incoming officers are: GLEN W. LED-| 
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INGHAM, chairman; J. D. CERKEL, vice-chairman; HERMAN W. WEDDLE, secretary-treas- 
urer. 


Lieutenant JoHN F. BARNETT, JR., of Palacios, Texas, formerly with the Standard 
Oil Company of Venezuela, was killed near the Po Valley, in Italy, on October 13, 1944. 
He was with the 34th Division, United States Army. 


F. W. Fioyp, who has been in Venezuela during the past 7 years with the Creole 
Petroleum Corporation, has resigned to take charge of the new office of the Phillips 
Petroleum Company of Venezuela at Caracas. 


RoscoE E, Suutt has been appointed vice-president of the Barnsdall Oil Company 
in charge of exploration in the Mid-Continent area. Shutt recently resigned his position in 
charge of exploration for the Shell Oil Company, Inc. 


WayNARD BurTON PERRY, formerly with the Seismograph Service Corporation at 
Shawnee, Oklahoma, is with the Carr Geophysical Company, 1334 Commerce Building, 
Houston, Texas. 


Ray E. Morcan has accepted a position with the Socony-Vacuum Oil Company, Inc., 
Bogota, Colombia. 


Lieutenant STAFFORD Park has returned to the Eastman Oil Well Survey Corporation 
at Long Beach, California, after serving 2 years in the Navy, including action in combat 
areas. 


W. B. MaxwE Lt has been elected secretary-treasurer of the Appalachian Geological 
Society, Charleston; West Virginia, succeeding CHARLES E. Stout. Both are with the 
United Fuel Gas Company. 


E. F. Borums is employed by the Texas Pacific Coal and Oil Company as district 
geologist with headquarters at Breckenridge, Texas. 


G. L. WurppLe, formerly with the Richmond Petroleum Company of Colombia is 
now with the Richmond Exploration Company of Venezuela, Caracas, Venezuela. 


The Fort Worth Geological Society has just completed another successful year. At its 
annual meeting the following officers were elected for 1945: president, THoMAs B. RoMINE, 
Sinclair Prairie Oil Company; vice-president, W1t11AM J. Notte, Stanolind Oil and Gas 
Company; and secretary-treasurer, SPENCER R. NORMAND (re-elected), Independent 
Exploration Company. 


DISTINGUISHED LECTURE TOUR 


Purp S. SmitH, chief Alaskan geologist of the United States Geological Survey, dis- 
cussed “‘Alaska’s Potential Oil Resources” before a group of geological societies, largely 
affiliated with the Association, in January and February. 

Dr. Smith was able to bring to his audience a wealth of information and well consid- 
ered conclusions regarding the oil resources of Alaska, based on his many years of field 
work and research for the Survey in that territory. His comments on the problems of 
carrying on exploratory and development work were well illustrated by an excellent series 
of lantern slides. 

In the course of his tour, Dr. Smith addressed the following groups. 

January 22 New Orleans Geological Society at New Orleans 
23 Mississippi Geological Society at Jackson 
24 Shreveport Geological Society at Shreveport 
25 East Texas Geological Society at Tyler 
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26 Dallas Petroleum Geologists at Dallas 
29 South Texas Geological Society at San Antonio 
30 Fort Worth Geological Society at Fort Worth 
31 North Texas Geological Society at Wichita Falls 
2 Oklahoma City and Shawnee geological societies at Oklahoma City 
5 Tulsa Geological Society at Tulsa 
6 Kansas Geological Society at Wichita 
8 Rocky Mountain Association at Denver 
9 Casper Geologists Club at Casper 
12 Indiana-Kentucky Geological Society at Evansville 
13 _ Illinois Geological Society at Olney 
14 Ohio State College at Columbus 
15 Pittsburgh Geologists at Pittsburgh 
16 Michigan Geological Society at Lansing 


February 


Joun L. FERGUSON, chairman 
Distinguished lecture committee 


The Ardmore Oklahoma Geological Society has elected the following officers for 1945: 
president, STANFORD L. Rose, California Company; vice-president, MAYNARD P. WHITE, 
Gulf Oil Corporation; secretary-treasurer, HamMIttoN M. Jounson, Schlumberger Well 
Surveying Corporation. 


DonaLp B. EICHER is with the Standard Oil Company of Egypt, S. A., Box 607, 
Cairo, Egypt. 


E. T. REEp is with the Arabian American Oil Company, Bahrein Island, Persian Gulf. 


FRANK G. EVANS, JR., research geologist with the Shell Oil Company, Inc., Houston, 
Texas, has been promoted to be Lieutenant Commander. He is over-seas. 


Newly elected officers of the South Louisiana Geological Society, Lake Charles, Louisi- 
ana, are: president, MAx BORNHAUSER, Continental Oil Company; vice-president, 
A. Lynn Morrow, Magnolia Petroleum Company; secretary, BRucE M. CuoatE, Atlan- 
tic Refining Company; treasurer, P. F. HaBERSTICK. Members elected to the executive 
committee are H. E. McGLasson and W. R. Canapa, Stanolind Oil and Gas Company. 


The Casper Geologists Club, Casper, Wyoming, has elected the following officers: 
president, C. J. HaREs, Ohio Oil Company; 1st vice-president, A. F. BARRETT, General 
Petroleum Company; 2d vice-president, W. S. McCaBg, Stanolind Oil and Gas Company; 
secretary-treasurer, R. M. Larsen, U. S. Geological Survey. T. C. Hiestanp, Cities 
Service Oil Company, is chairman of the program committee, and W. H. Curry, Atlantic 
Refining Company is chairman of the organization committee. A program of technical 
papers and group activities is being arranged for the year. On January 29 Ross L. HEATON 
discussed ‘“The Permian and Pennsylvanian Formations.” Weekly luncheons are held at 
the Townsend Hotel, Casper. 


Joun T. Rouse, geologist for the Magnolia Petroleum Company, has been transferred 
from Albuquerque, New Mexico, to the Dallas, Texas, office of the company. 


Lieutenant FREDERICK W. (FRiTz) MUELLER has been reported missing-in-action in 
Luxemborg since December 16, 1944. He has been on duty as an officer with the Field 
Artillery since March, 1943, and had been over-seas since January, 1944. In civilian life 
he was district geologist at Houston for the Skelly Oil Company. 


Lieutenant LEo C. Gravis, of Harlingen, Texas, has been transferred to India. 
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Wattace E. Pratt, vice-president of the Standard Oil Company (New Jersey) has 
resigned, after 30 years of service with the Humble Oil and Refining Company at Houston, 
Texas, and the New Jersey company at New York. He will continue as a director and a 
member of the executive committee of the Standard Oil Company. Pratt was the 4th 
president of the A.A.P.G. (elected at Dallas in 1920). 


President EUGENE HoLMAN has announced the election of Joun R. Suman, vice- 
president and director of the Humble Oil and Refining Company, Houston, Texas, as 
vice-president and director of the Standard Oil Company (New Jersey). 


On February 1 the Houston Geological Society held its regular noon luncheon meeting 
on the mezzanine floor of the Texas State Hotel. S. W. Lowman, of the Shell Oil Corpora- 
tion of Houston, discussed the “‘Biolithic Classification of Sedimentary Rocks; Its Possible 
Value in Future Exploration.” 


Byron RIFE, commanding officer of the Kankakee Ordnance Works (TNT) and El- 
wood Ordnance Plant (loading high-caliber shells, bombs, and mines), Joliet, Illinois, has 
been promoted to a full colonel. 


Lieutenant (jg) LAURENCE BRUNDALL returned to the United States last year after 
13 months overseas duty as Photo Interpretation Officer in Hawaii and the Central 
Pacific. He is attached to the Amphibious Training Command, Pacific Fleet, as instructor 
in map reading and physiography. His address is Air Support Training Unit No. 1, Naval 
Air Station, San Diego, California. 


President IRA H. Cram visited the following geological societies in January and dis- 
cussed affairs of the Association. Corpus Christi, 11th; South Texas (San Antonio), 12th; 
Fort Worth, 15th; Midland, 17th; and Dallas, roth. 


A. A. CurRTICE, vice-president of United Engineering Company, S. A., is located at 
Room 400, 620 Fifth Avenue, New York City. 


D. E. Morcan has moved from Brisbane, Queensland, Australia, to Bogota, Colom- 
bia, South America. He is with Cia de Petroleo Shell de Colombia. 


Lieutenant Commander HALE B. SoysteEr, formerly Chief of the conservation branch 
of the United States Geological Survey, Washington, D. C., died on January 23 at the 
Naval Hospital, Bethesda, Maryland. 


Lieutenant Colonel WALTER B. JoNEs has returned from Army service and has re- 
sumed his duties as State geologist of Alabama. 


Louis Roark has resigned as chief geologist of the Margay Oil Corporation to become 
assistant to vice-president McClintock of the Sunray Oil Corporation, in charge of the land 
and geological department, Tulsa, Oklahoma. 
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ADDITIONAL APPLICATIONS APPROVED FOR PUBLICATION 
(Continued from page 239) 
FOR ACTIVE MEMBERSHIP 


LeValley Irving Brockway, Pittsburgh, Pa. 
E. A. Eckhardt, Louis F. Melchior, George R. Watson 
Ian Laurence Burr, Brisbane, Australia 
Edgar W. Owen, D. E. Morgan, H. C. Richards 
Charles Henry Feldmiller, Pittsburgh, Pa. 
Fenton H. Finn, John T. Galey, M. G. Gulley 
Thayer Meredith Gruner, Tallahassee, Fla. 
William W. Rand, Ernest Guy Robinson, G. D. Thomas 
Harold La Vergn Huffman, Midland, Tex. 
R. S. Anderson, W. J. Hilseweck, Berte R. Haigh 
Jane Marie Johnson, Midland, Tex. 
Cary P. Butcher, R. S. Anderson, O. C. Harper 
Oliver T. Joy, Chickasha, Okla. 
L. H. Lukert, E. A. Wyman, Jerry E. Upp 
William A. McFadden, Jr., Midland, Tex. 
G. A. Berg, Leonard W. Orynski, T. J. Galbraith 
Ralph Leslie Rutherford, Edmonton, Alta., Canada 
John A. Allan, Clifton S. Corbett, J. O. G. Sanderson 
Caldwell Starkey, Garden City, Kan. 
W. C. Imbt, J. Norman Payne, Lee H. Cornell 


FOR ASSOCIATE MEMBERSHIP 


Edith Marguerite Bryan, Midland, Tex. 

Jackson M. Barton, A. J. Eardley, Kenneth K. Landes 
Edward Everett Gilbert, Evansville, Ind. 

W. H. Twenhofel, Lynn W. Storm, S. H. Woods 
Gustavo Enrique Marquez, Caracas, Venezuela, S. A. 

F. L. Whitney, Hal P. Bybee, H. H. Power 
Beverly Edith McMahon, Tulsa, Okla. 

Warren O. Thompson, John E. Galley, John W. Inkster 
Edwin Moats Pincomb, Overland Park, Kan. 

John Marshall, C. E. Hannum, F. R. Coryn 
Harry Kenneth Reidford, Edmonton, Alta., Canada 

W. P. Hancock, F. A. McKinnon, Theo. A. Link 
Robert Charles Stephenson, Laramie, Wyo. 

Max Krueger, R. W. Burns, Charles S. Lavington 
Morton Ripley Yust, Wichita, Kan. 

F. E. Mettner, Wendell S. Johns, Burton E. Ashley 


FOR TRANSFER TO ACTIVE MEMBERSHIP 


Herbert James Ferber, Bakersfield, Calif. 

R. W. Clark, C. H. Dresbach, J. Conrad Heggblom 
Robert Louis Gollnick, Houston, Tex. 

Perry Olcott, Morgan J. Davis, Felix A. Runion 
Marion Jefferson Moore, San Antonio, Tex. 

Wesley G. Gish, Don O. Chapell, Adolph Dovre 
Robert Paterson, Billings, Mont. 

Sam Zimerman, George E. Wagoner, Harry M. Buchner 
R. Maurice Tripp, Cambridge, Mass. 

F. M. Van Tuyl, J. Harlan Johnson, Ben H. Parker 
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PROFESSIONAL 


DIRECTORY 


CALIFORNIA 


J. L. CHASE 
Geophysicist 


529 East Roosevelt Road 
LONG BEACH CALIFORNIA 


Specializing in Magnetic Surveys 


Geologist 


PAUL P. GOUDKOFF 
Geologist 


Geologic Correlation by Foraminifera 
and Mineral Grains 


799 Subway Terminal Building 
LOS ANGELES, CALIFORNIA 


VERNON L. KING 
Petroleum Geologist and Engineer 
707 South Hill Street 
Los ANGELES, CALIFORNIA 
Vandike 7087 


JEROME J. O'BRIEN 
Petroleum Geologist 
Examinations, Reports, Appraisals 


Petroleum Building 
714 West Olympic Boulevard 
McCartHy & O'BRIEN Los Angeles 15, Calif. 


ERNEST K. PARKS 
Consultant in 
Petroleum and Natural Gas Development 
and 
Engineering Management 


614 S. Hope St. 
LOS ANGELES, CALIFORNIA 


HENRY SALVATORI 
Western Geophysical Company 
711 Edison Building 
601 West Fifth Street 
LOS ANGELES, CALIFORNIA — 


COLORADO 


RICHARD L. TRIPLETT 
Core Drilling Contractor 


2013 West View St. 


Los ANGELES 16, F. 


W Hisney 9876 


C. A. HEILAND 


Heiland Research Corporation 


130 East Fifth Avenue 
DENVER, 9, COLORADO 


COLORADO 


ILLINOIS 


HARRY W. OBORNE 


Geologist 
230 Park Ave. 


CLARENCE E, BREHM 
Geologist and Geophysicist 


304 Mining Exchange. Bldg. Por 
Colorado Springs, Colo. New York, N.Y. Box 562, Mt. Vernon, Hlinols 
Main 7525 Murray Hill 9-3541 725 Magnolia Ave. * Phone 1643 
ILLINOIS 
ELMER W. ELLSWORTH L. A. MYLIUS 
Consulting Geologist 
Geologist 


201 Grand Theatre Building 
132 North Locust Street 
CENTRALIA, ILLINOIS: 


Now in military service 


132 North Locust Street 
Box 264, Centralia, Illinois 
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ILLINOIS 


INDIANA 


T. E. WALL 


Geologist 


Mt. Vernon Illinois 


HARRY H. NOWLAN 


Consulting Geologist and Engineer 
Specializing in Valuations 
Evansville 19, Indiana 


317 Court Bldg. Phone 2-7817 


LOUISIANA 


MISSISSIPPI 


WILLIAM M. BARRET, INC. 
Consulting Geophysicists 
Specializing in Magnetic Surveys 


Giddens-Lane Building SHREVEPORT, La. 


G. JEFFREYS 
Geologist Engineer 
Specialist, Mississippi & Alabama 
100 East Pearl Street 


Box 2415 Depot P.O. 
Jackson, Mississippi 


NEW 


YORK 


BROKAW, DIXON & McKEE 


Geologists Engineers 

OIL—NATURAL GAS 

Examinations, Reports, Appraisals 
Estimates of Reserves 


BASIL B. ZAVOICO 
Petroleum Geologist and Engineer 
220 East 42nd Street 
NEW YORK 17, NEW YORK 


OHIO OKLAHOMA 
JOHN L. RICH ELFRED BECK 
Geologist Geologist 
Specializing in extension of ‘‘shoestring’’ pools 
University of Cincinnati 308 Tulsa Loan Bldg. Box 55 
Cincinnati, Ohio TULSA, OKLA. DALLAS, TEX. 
OKLAHOMA 
FRANK BRYAN R. W. Laughlin L. D. Simmons 
WELL ELEVATIONS 
Consulting Geologist LAUGHLIN-SIMMONS & CO. 
615 Oklahoma Building 
NELSON OKLAHOMA TULSA OKLAHOMA 
A. I. LEVORSEN FRANK A. MELTON 
Consulting Geologist 
Petroleum Geologist Aerial Photographs 
221 Woodward Boulevard and Their Structural Interpretation 
TULSA 5 OKLAHOMA 1010 Chautauqua Norman, Oklahoma 
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OKLAHOMA 


CLARK MILLISON 
Petroleum Geologist 


Philtower Building 


TULSA OKLAHOMA 


C. L. WAGNER 
Consulting Geologist 
Petroleum Engineering 
Geophysical Surveys 


2259 South Troost Street 
TULSA OKLAHOMA 


G. H. WESTBY 
Geologist and Geophysicist 
Seismograph Service Corporation 


Kennedy Building Tulsa, Oklahoma 


PENNSYLVANIA 


HUNTLEY & HUNTLEY 


Petroleum Geologists 
and Engineers 


Grant Building, Pittsburgh, Pa. 


TE 


XAS 


JOSEPH L. ADLER 
Geologist and Geophysicist 


Contracting Geophysical Surveys 
in Latin America 
Independent Exploration Company 
Esperson Building Houston, Texas 


CHESTER F, BARNES 


Geologist and Geophysicist 


Petroleum Bldg. P.O. Box 266, Big Spring, Tex. 


D’ARCY M. CASHIN 
Geologist Engineer 
Specialist Gulf Coast Salt Domes 


Examinations, Reports, Appraisals 
Estimates of Reserves 


705 Nat'l Standard Bldg. 
HOUSTON, TEXAS 


CUMMINS, BERGER & PISHNY 

Consulting Engineers & Geologists 
Specializing in Valuations 

1603. Commercial Ralph H. Cummins 


Standard Bldg. Walter R. Berger 
Fort Worth 2, Texas Chas. H. Pishny 


E. DEGOLYER 
Geologist 


Esperson Building 
Houston, Texas 


Continental Building 
Dallas, Texas 


J. H. DEMING 
Geophysicist 


KEYSTONE EXPLORATION COMPANY 


2813 Westheimer Road Houston, Texas 


ALEXANDER DEUSSEN 
Consulting Geologist 
Specialist, Gulf Coast Salt Domes 


1006 Shell Building 
HOUSTON, TEXAS 


DAVID DONOGHUE 
Consulting Geologist 
Appraisals - Evidence - Statistics 


Fort Worth National FORT- WORTH, 
Bank Building TEXAS 


i 
| xi 

= 
L._G._ HUNTLEY 
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TEXAS 


J. E. (BRICK) ELLIOTT 


Petroleum Engineer 


108 West 15th Street Austin, Texas 


F. B. Porter R. Fash 
President Vice-President 
THE FORT WORTH 
LABORATORIES 


Analyses of Brines, Gas, Minerals, Oil, Inter- 
pretation of Water Analyses. Field Gas Testing. 


828% Monroe Street FORT WORTH, TEXAS 
Long Distance 138 


JOHN A. GILLIN 
National Geophysical Company 
Tower Petroleum Building 


Dallas, Texas 


W. G. Savitz J. P. SCHUMACHER A. C, PAGAN 
GRAVITY METER EXPLORATION CO. 
TORSION BALANCE EXPLORATION 
Co. 

Gravity Surveys 
Domestic and Foreign 
1347-48 ESPERSON BLDG. HOUSTON, TEX. 


CECIL HAGEN SIDON HARRIS 
‘ Southern Exploration Service 
Geologist 
Seismograph 
er ate. HOUSTON, TEXAS Sinclair Building FORT WORTH, TEXAS 
L. B. HERRING JOHN M. HILLS 
Geologist Consulting Geologist 
Natural Gas Petroleum Midland, Texas 
1 
Bivc. CORPUS CHRISTI, TEXAS Phone 1015 
J. S. HupNALL G. W. PirTLe 


PALEONTOLOGICAL LABORATORY 
R. V. HOLLINGSWORTH 
Geologist 
Box 51 Phone 2359 
MIDLAND, TEXAS 


HUDNALL & PIRTLE 
Petroleum Geologists 
Appraisals Reports 
Peoples Nat'l. Bank Bldg. TYLER, TEXAS 


JOHN S. IVY 


Geologist 


1124 Niels Esperson Bldg., HOUSTON, TEXAS 


W. P. JENNY 
Consulting Geologist and Geophysicist 


Specializing in MICROMAGNETIC SURVEYS, 
GEOLOGICAL INTERPRETATIONS and COR- 
RELATIONS of seismic, gravimetric, electric and 
magnetic surveys. 


1404 Esperson Bldg. HOUSTON, TEXAS 
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MID-CONTINENT TORSION BALANCE SURVEYS 
SEISMIC AND GRAVITY INTERPRETATIONS 


KLAUS EXPLORATION COMPANY 
H. KLAUS 
Geologist and Geophysicist 


115 South Jackson 2223 15th Street 
Enid, me Lubbock, Texas 


JOHN D. MARR 
Geologist and Geophysicist 
SEISMIC EXPLORATION, INC. 


Gulf Building Houston, Texas 


HAYDON W. McDONNOLD 
Geologist and Geophysicist 


KEYSTONE EXPLORATION COMPANY 


2813 Westheimer Road Houston, Texas 


LEONARD J. NEUMAN 
Geology and Geophysics 
Contractor and Counselor 
Reflection and Refraction Surveys 
943 Mellie Esperson Bldg. Houston, Texas 


DABNEY E. PETTY 
10 Tenth Street 
SAN ANTONIO, TEXAS 


No Commercial Work Undertaken 


J. C. POLLARD 
Robert H. Ray, Inc. 
Rogers-Ray, Inc. 


Geophysical Engineering 
Gulf Building Houston, Texas 


ROBERT H. RAY 
ROBERT H. RAY, INC. 
Geophysical Engineering 
Gravity Surveys and Interpretations 
Gulf Bldg. Houston, Texas 


F. F. REYNOLDS 
Geophysicist 
SEISMIC EXPLORATIONS, INC. 


Gulf Building Houston, Texas 


WM. H. SPICE, JR. 
Consulting Geologist 
2101-02 Alamo National Building 


SAN ANTONIO, TEXAS 


HARRY C. SPOOR, JR. 
Consulting Geologist 
Petroleum... ... Natural Gas 


Commerce Building Houston, Texas 


CHARLES C. ZIMMERMAN 
Geologist and Geophysicist 


KEYSTONE EXPLORATION COMPANY 


2813 Westheimer Road Houston, Texas 


WEST VIRGINIA 


DAVID B. REGER 
Consulting Geologist 
217 High Street 
MORGANTOWN WEST VIRGINIA 


WYOMING 


E. W. KRAMPERT 


Geologist 
P.O. Box 1106 
CASPER, WYOMING 
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GEOLOGICAL AND GEOPHYSICAL SOCIETIES 


COLORADO 


ILLINOIS 


ROCKY MOUNTAIN 
ASSOCIATION OF PETROLEUM 


GEOLOGISTS 
DENVER, COLORADO 
President - J._J. Zorichak 
Petroleum ‘Administration | for War 
First National Bank “— in; 
1st Vice-President - - - ha Venderwitt 
Climax Molybdenum 
2nd Vice Max Krueger 
Union Oil Company “of California 
Secretary-Treasurer Robert McMillan 
Frontier Refining Company 
First National Bank Buildi 
Luncheons every Friday noon, Comnepatioen Hotel. 
Evening dinner (6:15) and program (7:30) first 
Monday each month or by announcement, Cosmo- 
politan Hotel. 


ILLINOIS 
GEOLOGICAL SOCIETY 


President - - - + += + - + Fred H. Moore 
Magnolia Petroleum Co., Box 535, Mt. Vernon 


Vice-President - - - - - - + Lee C, Lamar 
Carter Oil Company, Box 568, Mattoon 
Secretary-Treasurer - + - + Everett F. Stratton 
Schlumberger Well Surveying Corporation, 
Box 491, Mattoon 


Meetings will be announced. 


INDIANA-KBENTUCKY 


KANSAS 


INDIANA-KENTUCKY 
GEOLOGICAL SOCIETY 
EVANSVILLE, INDIANA 


President - - - + + + + + Robert F. Eberle 
The Superior Oil Company 


Vice-President - - - - + + Stanley G. Elder 
Sun Oil Company 


Secretary-Treasurer - - + + Hillard W. Bodkin 
The Superior Oil Company 


Meetings will be announced. 


KANSAS 
SOCIETY 
. KANSAS 
President - én or Virgil B. Cole 
i rpora ion 
Vice-President - - - Laurence C. Hay 
Consulting Geologist, ” 402 Union National 
Bank Building 
- - + Edward A. Huffman 
J. M. Huber Corporation, 407 First National 
Bank Building 
Regular Meetings: 7:30 P.M., Geological Room, 
University of Wichita, first Tuesday of each month. 
The Society Aceon the Kansas Well Log on, 
412 Union National Bank Building, and the Ki 
sas Well Sample Bureau, 137 North Topeka. 


LOUISIANA 


LOUISIANA 


NEW ORLEANS 

GEOLOGICAL SOCIETY 

NEW ORLEANS, LOUISIANA 
President - - - + Dean F. Metts 

Humble Oil and Refining Company 

1405 Canal Bldg. 
rn and Program Chm. - B.E. Bremer 
The Texas Company, get Box 252 
Secretary-Treasurer + + R. R. Copeland, Jr. 
The California Company, 1818 Canal Bldg. 

Meets the first Monday of every month, October- 
May inclusive, 7:30 P.M., St. Charles Hotel. 
Special meetings by announcement. Visiting geol- 
ogists cordially invited. 


THE SHREVEPORT 


GEOLOGICAL SOCIETY 
SHREVEPORT, wee 
President . R. Wilson 
Ohio Oil Company, ‘Drawer 1129, Zone 91 
E. P. Ogier 
c/o W. C. Spooner, ‘Box 1195, no 90 
Secretary- Treatueer Meltzer 
Union Producing Co., Box 1407, 7a 92 
Meets the first ggg | of every month, September 
to May. jocteere, 0 P.M., Criminal Court 
Room, Caddo Parish Sate House. Special meetings 
and dinner meetings by announcement. 


LOUISIANA 


MICHIGAN 


SOUTH LOUISIANA GEOLOGICAL 
SOCIETY 
LAKE CHARLES, LOUISIANA 


President - Max_Bornhauser 
Continental “Oil Co., Box 569, "Lalepee 


Magnolia Petroleum Co., Box 872 


Secretary - M. Choate 
Atlantic Refg. Co., Box 895 
Treasurer - - - - P, F. Haberstick 


Meetings: Dinner and business meetings third 
Tuesday of each month at 7:00 P.M. at the Majestic 
Hotel. Special meetings by announcement. Visiting 
geologists are welcome. 


MICHIGAN 
GEOLOGICAL SOCIETY 


Presidemt - - Edward J. Baltrusaitis 
Gulf Refining Company, Box 811, Saginaw 
Vice-President - - - Raymond S. Hunt 
Consulting, 405 s. Main, Mt Pleasant 
-Treasurer - - mas S. Knapp 

artiers Oil Co., Box ae Mt. Pleasant 
Manager - Lee S. Miller 
Michigan Geological Survey, 
Capitol Savings and Loan Bldg., Lansing 


Meetings: oe from November to April at 
Lansing. Afternoon session at 3:00, informal din- 
ner at €: :30 followed by discussions. ‘(Dual meetings 
for the duration.) Visiting geologists are welcome. 
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MISSISSIPPI OKLAHOMA 
MISSISSIPPI 
GEOLOGICAL SOCIETY ARDMORE 


JACKSON, MISSISSIPPI 


President - R. McFarland 
ia Petroleum Company 
x 367, West Jackson 
Vice-President - - J. B. Storey 
Union Producing Company 
Secretary-Treasurer - - Frederic F. Mellen 
British-American Oil Producing Company 
1007 Tower Building 


Meetings: First and third Thursdays of each 
7 from October to May, inclusive, at 7:30 

Edwards Hotel, Jackson, Mississippt. Visiting 
sooknales welcome to all meeti 


GEOLOGICAL SOCIETY 
ARDMORE, OKLAHOMA 


President - - + + Stanford L. Rose 
The California Company, 618 Simpson Bldg. 
Vice-President - - - Maynard P. White 
Gulf Oil Corporation, Box 30 
Secretary-Treasurer - Hamilton M. Johnson 
Schlumberger Well Sureying-Corp., Box 747 


Dinner meetings will be held at 7:00 p.m. on the 
first Wednesday of nage Pron month from October to 
May, inclusive, at the Ardmore Hotel. 


OKLAHOMA 


OKLAHOMA CITY 
GEOLOGICAL SOCIETY 
OKLAHOMA CITY, OKLAHOMA 


Vice-President 
Sinclair Prairie Oil Company 
703 Colcord Buildi 
Secretary-Treasurer - - E. Hamilton 
Consolidated Gas Utilities” Corporation 
814 Braniff Building 
Technical program each month, subject 
by Program Committee, Oklahoma ity 
University, 24th Street and Blackwelder. Lunch- 
eons: Every Thursday, at 12:00 noon. Y.W.C.A. 
eteria. 


SHAWNEE 
GEOLOGICAL SOCIETY 
SHAWNEE, OKLAHOMA 


President - - Allen Ehlers 
Carter Oil Company, Box 1151, Seminole 


Vice-President - John Lukens 
Oklahoma Seismograph, 1103 North Philadeohie 


Secretary-Treasurer - + + Marcelle 
Refining Company, Box 169 


Meets the Brgy anes of each month at 8:00 
P.M., at the otel. Visiting geologists 
welcome. 


TULSA GEOLOGICAL SOCIETY 
TULSA, OKLAHOMA 
President - - - + + «+ J. V. Howell 
1506 Philtower 
1st Vice-President - - - - W. H. Butt 


Atlantic Refining “Company 
2nd Vice-President ja - - + W. Reese Dillard 


nsulting 
Secretary-Treasurer - - V. G. Hill 
Stanolind Oil and Gas Company, Box 591 
Editon - - + = Roy L. Ginter 


U. Geologica! Survey 


oe fo and third Mondays, each month, 
ber to May, inclusive, at 8:00 P.M., 
University of Tulsa, Kendall Hall 

‘uesd October- ) 


Luncheons: E Tuesda 5 
TEXAS 
CORPUS CHRISTI GEOLOGICAL 
SOCIETY DALLAS, TEXAS 
CORPUS CHRISTI, TEXAS President - - + Henry C. Cortes 
nian H. Stein Magnolia Petroleum Company 
Bridwell Oil agian? Alice, 5 oth Vice-President - Cecil H. Green 
Vice-President - - D. McCallum Geo physical Service, Inc. 
Humble Oil and. Refining ompany Secretary-Treasurer__ - s G. Meyer 
Secretary-Treasurer - - + Elsie B. Chalupnik DeGolyer and MacNaughton, cuatanand Building 
Barnsdall Oil Company, 604 Driscoll Building Execative Committee - + + Henry J. Morgan 


lar luncheons, Wednesda: 
pao Plaza Hotel, 12:05 p.m. Speci: Special’ night 


ings, by anno 


Atlantic Refining Company 


Meetings: Monthly luncheons by announcement. 
Special night meetings by announcement. 
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TEXAS 
EAST TEXAS GEOLOGICAL FORT WORTH 
SOCIETY GEOLOGICAL SOCIETY 
TYLER, TEXAS FORT WORTH, TEXAS 

President Thomas B. Romine 

President - - H. McGuirt 

Box 780 Sinclair Prairie Oil Company, 901 Fair Building 

Vice-President - - William J. Nolte 

Vice-President - M. Trowbridge Stanolind Oil and Gas yoo Box 1410 

Trowbridge Sample 

Secretary-Treasurer - G. T. Buskirk Independent 


Stanolind Oil and Gas Company, Box 660 


Meetings: Regular meetings at 7:30 P.M., the sec- 
ond Monday, each month, City Hall. 

Luncheons: Noon, fourth Monday, each month, 
Blackstone Hotel. 


2210 Ft. Worth Natl. Bank ide. 


Meetings: Luncheon at noon, Hotel Texas, first 
and third s of each geol- 
— and f. friends are invited and welcome at 


meetings. 
HOUSTON 
HOUSTON, TEXAS 

President - W. B Milton, Ir. WICHITA FALLS, TEXAS 

Houston Oil Co. “of. Texas, Box 2 
Vice-President - - na y 

ei Atlantic Refining Company, Box 1346 7 The Texas Compan 

Soon? - + Charles H. Sample 


J. M ” Huber Co ration, 721 Bankers 
ber Corpo Building 


Treasurer - - + Homer A. Noble 
Magnolia "Petroleum Company, Box 111 


Regular menting held the first and third Thursdays 
at noon (12 o'clock), Mezzanine floor, Texas State 

lotel. For any particulars pertaining to the meetings 
write or call the secretary. 


Magnolia Petroleum Co., Box 239 


Secretary-Treasurer - avid T, Richards 
Shell Oil Co., Ine., 2010 


Luncheons and evening programs will be an- 
nounced. 


SOUTH TEXAS GEOLOGICAL 
SOCIETY 


SAN ANTONIO, TEXAS 


President - - - « «+ Robert N. Kolm 
Atlantic Refining Co., 1742 Milam Building 
Vice-President - Donald O, Chapell 
Transwestern Oil Co., 1600 Milam aa, 


Secretary-Treasurer Robert Mi 
Saltmount Oil Co., 916 Milam Building 


Meeti One regular meeting each month in San 
Luncheon every noon at Milam 
Cafeteria, San Antonio. 


WEST TEXAS GEOLOGICAL 
SOCIETY 


MIDLAND, TEXAS 


President - H. McGuigan 
Lion Oil Refining ‘shies 
Vice-President - Leo R. Newfarmer 


Shell Oil Company, Inc. 


Secretary-Treasurer - - Alan B. Leeper 
Honolulu Oil Corporation 


Meetings will be announced 


WEST VIRGINIA 


THE APPALACHIAN GEOLOGICAL 
SOCIETY 
VIRGINIA 


P. O. Box 2605 
President - - las Rogers, Jr. 
South Penn Natural Gas Gene 
Vice-President - - - Veleair C. Smith 
Kanawha Valley Bank Building 
Secretary-Treasurer - W. B. 
United Fuel. Gas Company, Box i273 
Editor - - - H. J. Simmons, Jr. 


Godfrey Inc., Box 1473 
Meetings: Second Monday, 
Yair. and &30 6:30 P.M., 


THE SOCIETY OF 
EXPLORATION GEOPHYSICISTS 
President = William M. Rust, Jr. 

Humble Oil & Refining Company, ae Texas 


Vice-President + - ry C. Cortes 
Magnolia Petroleum “Company, Dany Texas 


Editor loseph A. Sharpe 
Stanolind ' Oil and Gas Company, een Oklahoma 
Secretary-Treasurey - + W. Harlan Taylor 
Petty hysical Engineering Company 
1449 Esperson Bldg., Houston, Texas 
Past-President - - - + R. D. Wyckoff 
Gulf Research and Development Company 
Pittsburgh, Pennsylvania 
Business Manager - J. F. Gallie 
P.O. Box 410, El Dorado, Arkansas 
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SETTING 


THE 


SIGHTS 


FOR A SUCCESSFUL 
DRILLING OPERATION 


GEOPRYSICAL COMPANY 
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FIRST IN OIL FINANCING 
1895-1945 


: THE FIRST NATIONAL BANK 
j AND TRUST COMPANY OF TULSA 


MEMBER FEDERAL DEPOSIT INSURANCE CORPORATION 


THE GEOTECHNICAL CORPORATION 
Roland F. Beers 

President 

. 1702 Tower Petroleum Building 

. Telephone L D 101 Dallas, Texas 


Eastman DIRECTIONAL SURVEYS 


: Are of Great Importance to YOU: 


PROVIDING MORE COMPLETE AND ACCURATE SUB-SURFACE | 
INFORMATION, SUCH AS... . | 


1. Knowledge of true vertical 4. Accurate base from which 
depths. to plan corrective drilling. 


2. Determination of actual. 
position of well on the 
structure. 


5. Knowledge of well's true 
position permits planned 
spacing — more accurate 

3. Aid in geologic correlation estimate of potential re- 

and structural contouring.~ covery. 


OIL WELL SURVEY SERVICE 


TEXAS 
LAFAYETTE OKLAHOMA CITY BAKERSFIELD VENTURA - CASPER 


ie EXPORT OFFICE: 2895 LONG BEACH BLVD. LONG BEACH, CALIFORNIA 


OF CONTROLLED 
DRILLINS RVIceE 
| Pines | 
oF | 
SURVEYING 
DALLA: 
HoUsTO 
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with the 


American Oil Industry 


to the fullest extent of our 
experience and resources in 
a concerted effort to rc. 
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PRACTICAL PETROLEUM 
ENGINEERS’ HANDBOOK 


SECOND EDITION 
Revised and Enlarged 


By JOSEPH ZABA 
and 


W. T. DOHERTY 


This book was written by practical oil men. The tables were compiled so that they can be used 
by anyone to meet practical field situations without further calculations, and will fit 99%, of the 
conditions under which the average operator is working in the field. 

The second edition of the PRACTICAL PETROLEUM ENGINEERS' HANDBOOK has been com- 
pletely revised and enlarged. Many changes which have been made in the Standard Specifications 
of the American Petroleum Institute, particularly in pipe specifications, are incorporated in this 
second edition. Several tables are rearranged and charts enlarged to facilitate their use. Table 
of Contents and Index are more complete. Also about 90 pages of new formulae, tables, charts 
and useful information have been added. 

This handbook was compiled and published for the purpose of saving the time of operators, 
engineers, superintendents, foremen and others. 


TABLE OF CONTENTS 
Chapter | —General Engineering Data 
Chapter 11 —Steam 
Chapter [11 —Power Transmission 
Chapter IV —Tubular Goods 
Chapter V —Drilling 
Chapter VI —Production 
Chapter VIl_ —Transportation 


Semi-Flexible Fabrikoid Binding, size 6 x 9, 492 Pages. Price: $5.00 Postpaid 


Send Checks to the 


GULF PUBLISHING COMPANY 
P. O. BOX 2608, HOUSTON, TEXAS 
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/GULF COAST OIL FIELDS 


be Forty-Four Papers Reprinted from the Bulletin of The American Association of 
7 Petroleum Geologists with a Foreword by Donald C. Barton 


a EDITED BY DONALD C. BARTON AND GEORGE SAWTELLE 


PRICE: $4.00, EXPRESS OR POSTAGE FREE 
($3.00 to A.A.P.G. members and associate members) 


THE AMERICAN ASSOCIATION OF PETROLEUM GEOLOGISTS 
BOX 979, TULSA 1, OKLAHOMA, U.S.A. 


OFKIN The Annotated 
Bibli 
CHROME CLAD STEEL TAPES ibliography of Economic Geology 
Vol. XV 


Orders are now being taken for the 
entire volume at $5.00 or for individual 
numbers at $3.00 each. Volumes I-XIV 
can still be obtained at $5.00 each. 

* The number of entries in Vol. XV, No. 
1, is 1,079. No. 2 is being printed. 


“ATLAS” The outstanding Of these, 266 refer to petroleum, gas, 
King of all development in etc., and geophysics. They cover the 
dt the manufacture world, so far as information is available 
—s of measuring in war time. 
as tapes If you wish future numbers sent you 
Features of all Chrome Clad Tapes: promptly, kindly give us a continuing 
Easy to read markings that are durable order. 
Line resists rust, will not crack, chip or peel 
Line is extra strong. An Index of the 10 volumes was issued in 
Send for Catalog No. 12 showing ty 04 May, 1939. Price: $5.00 
line of Tapes, Rules and Precision Tools 
onomic Geology Publishing Co. 
THE UFAIN a. Urbana, Illinois, U.S.A. 
Saginaw, Michigan New York City , 


AERIAL PHOTOGRAPHY 
RECONNAISSANCE MOSAICS 
PRECISE AERIAL MOSAICS 
TOPOGRAPHIC SURVEYS 


For information write Department H 
AERO SERVICE CORPORATION 
Since 1919 
PHOTOGRAMMETRIC ENGINEERS 
236 E. Courtland Street, Philadelphia 20, Penna. 
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TULSA HOUSTON YORK | 


CARACAS BARRANQUILLA SANTIAGO | 


XX1V 
sy 
4 
E COLORADO ST., PASADENA T, CALIF. 
i) 
| 
Pe. 
| 
| 
: 


thong dstdrilling activit 


LOS ANGELES HOUSTON OKLAHOMA CITY 
General Offices, Plant and Export Office: 
5610 South Soto Street, Los Angeles 11, California 


30 Branches « 24 Hour Service 
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KEEPS DRILLING MUD CLEAN — PROVIDES TRUE SAMPLES OF CUTTINGS J 


THE THOMPSON SHALE SEPARATOR, 


which operates entirely from the flow of 


“mud, eliminates destructive abrasives, 


saves and protects critical drilling equip- 
ment and materials, This machine is con- 
ical and simplest 
method of removing shale from mud while 
drilling, and should be a standard part of 
your modern drilling equipment. 


THE SAMPLE MACHINE, which is stand- 
ard equipment on all Thompson Separa- 


sidered the most 


tors, unless otherwise specified, is a test- 


SHALE SEPARATOR 
SAMPLE MACHINE 


proven method of securing true samples of 
cuttings and sand, valuable in geological 
research. Operates from main power wheel 


of the separator. 


This machine represents only a very small 
investment and will pay for itself in savings 
alone within a very short time! 


THOMPSON TOOL CO. 
IOWA PARK, TEXAS 
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+ Latest design Instruments 
Appropriate Techniques 
Versatile Equipment 
Experienced Personnel 


(ll 


| = Precision 


WW 
SSS il! 


BAB LA INC. | BSS | 


PRODUCT for every 
COnditign 


AQUAGEL 
BAROCO 


AQUAGEL-g 


BAROCO 
ZEOGEL 
BAROID 


AQUAGEL 
BAROID 
STABILITE 


STABILITE 
BAROID 
AQUAGEL 


SMENTOX 


BAROID 
STABILITE 


Baroid Products meet all drilling conditions in_ 
deep or shallow wells and operators who use | 
them regularly find that many drilling diffi- 

culties are eliminated. In addition, drilling is 


speeded up and safety increased. 


Baroid Products, because of their efficiency, 

are very valuable in wildcat drilling. They re- . 
duce to a minimum the uncertainties and dan- | 
gers of unknown formations and are easy to 


transport and store. 


Laboratories at Los Angeles, Tulsa and Hous- 
ton supplement the use and value of Baroid 


Produets in the field, and Baroid Service Engi- 


neers are available in all active oil fields. Baroid, - 


and other Baroid Products, can be obtained in 


more than 400 locations 
and Canada, 
- Baroid Products and Services have resulted in 
~ large savings for operators by reducing drilling. 


difficulties; by saving casing; and, in. many 


cases, by saving wells. Use Baroid Products reg- 
ularly for every drilling condition. 


Patent Licenses varesircted a8 to sources of supply of matericls, but on royalty 
boses, will be granted to oll componies and others desiring to practice the subject motter of 


’ any ond/or olf of United States Potents Numbers 1,807,082; 1,991,637; 2,041,086; 2,044,- 


758; 2,064,936; 2,094,316; 2,119,829; 2,214,366; 2,294,877; 2,304,256 and further 
———— Applications for Ucenses should be mode fo the Los Angeles office, 


BAROID 


SALES DIVISION 


NATIONAL LEAD COMPANY 


BAROID SALES OFFICES 
LOS ANGELES 12 3 ¢ HOUSTON 2 


| 


| 
GYPSUM 
| 


facilities in the-warl 


requirement of operators desiring a complete and well-rounded geophysical service. 


NATIONAL BANK BLDG. 


‘ 
Combining. in organization the: argest and most complete geophysical 
research f j-togethe with unexcelled equipment, experienced fiel cews s§s 
- and preven interpretation technique, Western Geophysieal Company meetsevery 
2 > estern’s seismic and grayity crews are now operating in all parts of the iy oe 
a United States and in South America. Western service is available for surveys in any part of ts 
the world. Inquiries are invited. 
: 
? 
EDISON BLDG SELES 13, CALIF. * FIRST , DALLAS 2, TEXAS — 
2 — 


g 


Fedralite plastic shot hole 

casing now available with 

factory-machined threads— 
3 threads per inch. 


Plastic Shot Hole Casing is now threaded 


Fedralite plastic shot hole casing now comes to you 
all threaded, ready for use. Crews who have used 
this new Fedralite casing say that the thread is 
much harder, firmer, and more water-resistant than 
the older type hand-threaded in the field. 
Thread-tite couplings are specially made for use with 
Fedralite. These sheet metal couplings fit so snugly, 
yet go on so smoothly and easily, that it is no 
longer necessary to supply the other couplings we 
formerly made available. 

This new combination of Thread-tite couplings and 
improved factory-threaded Fedralite is welcomed 
by crews that have used it in actual drilling. They 
find it faster and more convenient to use; find even 
greater savings in labor and drilling time. 


Fedralite plastic shot hole casing is designed 


Now available from these six points 
HOUSTON, TEX. 
700 Waugh Drive 


THIBODAUX, LA. 
Phone Thib. 3715 


CHICAGO, ILL. 
8700 S. State Street 


NEW ORLEANS, LA. 
730 St. Charles Street 


PLASTICS 


FEDERAL ELECTR 


pal 


Ic COMPANY, INC. 


and made for the job. It has been thoroughly proved, 
and is in regular use, by many crews working in 
many different types of territory. 


Fedralite is light, strong, practical. Its light weight 
makes it easy to handle. A whole day’s supply can 
be carried in a skiff or light truck. There is far less 
danger of strained backs or hand injuries with this 
light, smooth, clean new casing. That’s one reason 
why crews and party chiefs like it. 


Another reason is that Fedralite is economical. It 
saves trucks, tires, and gasoline. Its high rate of 
recovery makes the cost per foot of holes shot sur- 
prisingly low. This cost will be even lower with the 
improved THREADED Fedralite now available. 
Order a supply now—from any of the six warehouse 

locations listed above. 


DALLAS, TEX. 

1902 Field Street 

JENNINGS, LA. 
Phone 430 


DIVISION 


8700 SOUTH STATE STREET, CHICAGO 19, ILLINOIS 
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FOREIGN 
AND 
DOMESTIC 


JACK C. POLLARD 
HOUSTON, TEAAS 
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LEONARD J. NEUMAN 


Geophysical Counselor 


and Contractor i 


_»Reflection | 


Refraction 


»Seismograph Surveys 


Have conducted economical and effective , 


seismograph surveys in Florida 

Specialists in 

Salt Dome and Overhang Problems 
Up-to-the-Minute Equipment 
Manned by 

Experienced Capable Men 


OFFICE—943 Mellie Esperson Bldg. Fairfax 7086 


LABORATORY—Pecan Road Melrose—3-2270 
HOUSTON, TEXAS 
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An A.AP.G. Publication! 


TECTONIC MAP 


Of The 


UNITED STATES 


944 


Prepared under the Direction of the Committee on Tectonics, 
Division of Geology and Geography, National Research Council. 
CHESTER R. LONGWELL, Chairman, PHILIP B. KING, Vice-Chairman 
CHARLES H. BEHRE, WALTER H. BUCHER, EUGENE CALLAGHAN, D. F. 
HEWETT, G. MARSHALL KAY, ELEANORA B. KNOPF, A. I. LEVORSEN, 
T. S. LOVERING, GEORGE R. MANSFIELD, WATSON H. MONROE, J. T. 


PARDEE, RALPH D. REED, GEORGE W. STOSE, W. T. THOM, JR., A. C. 
WATERS, ELDRED D. WILSON, A. O. WOODFORD 


A New Geologic Map of the United States and Adjacent 
Parts of Canada and Mexico 


Geologic structure, as evidenced and interpreted by a combination of out- 
cropping areas, bedrock, surface disturbance, and subsurface deformation, 
is indicated by colors, symbols, contours, and descriptive explanation. 
Igneous, metamorphic, and selected areas of sedimentary rock are mapped. 
Salt domes, crypto-volcanic disturbances, and submarine contours are shown. 


The base map shows state boundaries, rivers, a pattern of cities, and 1- 
degree lines of latitude and longitude. 


The scale is 1:2,500,000, or 1 inch = 40 miles. Printed in 7 colors, on 2 
sheets, each about 40 x 50 inches, Full map size is about 80 x 50 inches. 


PRICE, POSTPAID- 
$2.00 rolled in mailing tube 
$1.75 folded in manila envelope 
‘ $1.50 in lots of 25, or more, rolled or folded 


The American Association of Petroleum Geologists 
Box 979, Tulsa 1, Oklahoma, U.S.A. 
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12,314 Feet 


OF THE PHILLIPS PET. CO. PRICE NO. 1 
WELL WAS CHECKED WITH THE 


E INCLINOMETER 


Phillips 


The E-C is truly a great instru- Sieiien 
Company 
ment for recording hole deviation. ity 


Operated automatically by dry 
cell batteries. No timing device 


needed. Self-checking and speedy 


in operation. Permits multiple re- | | 


cording. Records require no de- 


velopment, are accurate and per- 


manent. Operating costs are lower 


than those of any other inclino- 


meter, 
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SPERRY-SUN WELL SURVEYING CO. 1608 WALNUT ST., PHILA., PA. : 
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AVAILABLE PUBLICATIONS OF 


The American Association 


of Petroleum Geologists 
Box 979, Tulsa 1, Oklahoma 


1931 Geologic Map of Cuba. Compiled by J. Whitney Lewis. Folded paper sheet, 

24 x 10 inches. Scale, 3/16 inch = 10 miles. Geologic column on same sheet. 

From Lewis’ “Geology of Cuba” (out of print), in June, 1932, Bulletin. $ .25 
1935 Geology of Natural Gas. Symposium on occurrence and geology of 

natural gas in North America. By many authors. 1,227 pp., 250 illus. 

6 x 9 inches. Cloth. To members and associates, $4.50 ..................5. 6.00 
1936 Geology of the Tampico Region, Mexico. By John M. Muir. 280 pp., 15 

half-tone plates, 41 line drawings, 9 tables. 6 x 9 inches. Cloth. To mem- 

1936 Gulf Coast Oil Fields. Symposium on Gulf Coast Cenozoic. By 52 authors. 

Chiefly papers reprinted from the Association Bulletin of 1933-1936 

gathered into one book. xxii and 1,070 pp., 292 figs., 19 half-tone pls. 

6 x 9 inches. Cloth. To members and associates, $3.00 ................... 4.00 
1936 Areal and Tectonic Map of Southern California. By R. D. Reed and J. S. 

Hollister. In 10 colors. From “Structural Evolution of Southern Cali- 

fornia,” December, 1936, Bulletin. Scale, % inch = 1 mile. Map and 4 

structure sections on strong ledger paper, 27 x 31 inches, rolled in tube —.50 
1938 Miocene Stratigraphy of California. By Robert M. Kleinpell. 450 pp.; 14 

line drawings, including a large correlation chart; 22 full-tone plates of 

foraminifera; 18 tables (check lists and a range chart of 15 pages). 6 x 9 

inches. Cloth. To members and associates, $4.50 .................0eeeeee 5.00 
1941 Stratigraphic Type Oil Fields. Symposium of 37 papers by 52 authors. 

902 pp., 300 illus., 227 references in annotated bibliography. 6 x 9 inches. 

Cloth. To members and associates, $4.50 5.50 
1942 Source Beds of Petroleum. By Parker D. Trask and H. Whitman Pat- 

node. Report of investigation supported jointly by the American Pe- 

troleum Institute and the Geological Survey of the United States Depart- 

ment of the Interior from 1931 to 1941. 566 pp., 72 figs., 151 tables. 6 x 9 


inches. Cloth, To members and associates, $3.50 ...................000es 4.50 
1942 Petroleum Discovery Methods. Report of a symposium conducted by the 
research committee, April, 1942. 164 pp. 84 x 11 inches. Paper ............ 1.00 


1942 Map of West Texas and Southeastern New Mexico, showing areal geology, 
structure, and oil and gas fields. Compiled by Philip B. King. 3 colors. 29 x 26 
inches. Scale, 4% inch = 10 miles. Correlation Chart of Permian System and 
Related Strata in West Texas Region. By Philip B. King. 22 x 14 inches. 
From King’s “Permian of West Texas and Southeastern New Mexico,” in 
April, 1942, Bulletin. Folded paper sheets. Each, $0.25; both map and chart .. 50 
1944 Possible Future Oil Provinces of the United States and Canada. Association 
research committee. Reprinted and repaged from August, 1941, Bulletin. 154 
pp., 83 figs. 6 x 9 inches. Paper. To members and associates, $1.00 ........ 1.50 
1944 Tectonic Map of the United States. Prepared under the direction of the j 
Committee on Tectonics, Division of Geology and Geography, National Re- 
search Council. Scale, 1 inch = 40 miles. Printed in 7 colors on 2 sheets, 
each 40 x 50 inches. Folded, $1.75. Rolled in tube ....................... 2.00 
Bulletin of The American Association of Petroleum Geologists. Official monthly 
publication. Each number, approximately 150 pages of articles, maps, 
discussions, reviews. Annual subscription, $15.00 (outside United States, 
$15.40). Descriptive price list of back numbers on request. ' 


(Prices, postpaid. Write for discount to colleges and public libraries.) 
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A Report Covering an A.A.P.G, Research Committee Sponsored Investigation 
Released January 15, 1945, as 
Quarterly of the Colorado School of Mines, Vol. 40, No. 1 


THE MIGRATION AND ACCUMULATION 
OF PETROLEUM AND NATURAL GAS 
by 


F, M. VAN TuyL, BEN H. PARKER, and W. W. SKEETERS 
Colorado School of Mines 


A coordinated report based upon a survey of the literature and a from 
many leading petroleum geologists. 


It should be of value to students of petroleum geology, teachers of the subject, 
and research workers, as well as those charged with the finding and development 
of new oil fields. More than 125 references to the literature cited. 


TABLE OF CONTENTS 
Introduction 
Extent and Character of Migration 
General Statement 
Local Origin Versus Substantial Migration 
Analysis of the Problem of Migration and Accumulation 
General Statement 
Types of Concentrations 
Physical Form of Hydrocarbons During Migration 
Nature and Mode of Migration and Location of Accumulations 
Time of Origin and Accumulation 
Mode of Migration and Accumulation 
General Statement 
Theories of Migration and Accumulation 
Weighing of Theories 
Conclusions 
References 


Approximately 128 pages, including several figures; substantially bound in heavy 
paper: size 6 x 9 inches. 


Price: $1.50 postpaid 
Send check to 


Department of Publications, Colorado School of Mines 
Golden, Colorado 
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For Big Problem Facing 


= ...SULLIVAN MOTORIZED CORE DRILLS 


@ It has been said that one of the chief Motorized Core Drills offer the maximum 
problems facing the petroleum industry footage per day and lowest costs in any 
is the uncovering of reserves to insure type of structure. Mobile, simple of opera- 
our present peak production. Sullivan Core tion, they and their core records are pre- 
Drills have helped to discover many of ferred by men who know...SULLIVAN 
the world’s present foremost producing MACHINERY COMPANY, Michigan City, 
properties and in the search for new Indiana. In Canada: Canadian Sullivan 
favorable geological structures Sullivan Machinery Company, Ltd., Dundas, Ontario. 


MODEL 37 ... Up to 1200 feet _ MODEL 300 ... Up fo 3500 feet 


’ A light portable drilling rig for shot-hole drill- A heavy-weight, portable drilling rig for slim-hole pro- 

, ing, shallow structure testing, and blast hole duction drilling. A younger brother to the large oil field 

work. Equipped with hydraulic feeding mechanism rotaries; arranged for truck mounting to speed up moves 

for core testing and changeable to kelly drive between drilling locations. Operates same as conventional 

for shot-hole drilling. Capacity 1200 ff. of 2”- rotary plus added features which include hydraulic and 

core or 850 feet of 6” hole. make and break guns. Capacity 40,000 Ib. drilling string. 

Sellivan PRODUCTS for OILFIELD USE Secllcuad OFFICES 

INCLUDE AIR COMPRESSORS, HOISTS BOTH AIR AND ELECTRIC, Chicago, a Denver, El ong = 
Angeles, xico City, New 

ROCK DRILLS, MOTORIZED CORE DRILLS AND STRINGA- to ether 


cities throughout the world. 


LITE PORTABLE SAFETY LIGHTING CABLE FOR DERRICKS 


7 : 
{ 
i? 


MODEL 200 Core Drill 
up fo 2000 feet in 
Southern Texas Field 
A medium weight portable drill- 
ing rig for deep structure testing 
or shallow slim-hole production 
drilling. Equipped with hydrau- 
lic feeding mechanism includ- 
ing automatic hydraulic chuck. 
Kelly drive — optional. Also 
available with rotary fable for 
shallow slim-hole production 
drilling. Capacity 20,000 Ib. 
drilling string. 


& 


ETE LINE OF OILFIELD EQUIPMENT 


B&L Range finders enable U.S. Navy 
gunners to hit a ship 17 miles away 


| OFMCIAL U.S. 


B&L Contour Projector magnifies 
tiny gear with accuracy to .0001” 


Perimeter, one of many B&L vision 


B&L Multiplex Projector plots topo- 
i testing instruments in military use 


graphic maps from aerial photos 


Medical Corps uses B&L Microscopes B&L Spectrograph for metal analysis 


Precision aerial camera photographs 
enemy territory with B&L lenses 


Bomber navigators use B&L Sextant 
to plot course by sun, moon, stars 


B-29 fliers, too, wear B&L Ray-Ban 
anti-glare glasses on Tokyo air raids 


OFFICIAL COAST GUARD PHOTO 


Coast Guard officer on convoy duty 
scans horizon with B&L Binocular 


B&L Research Metallographic Outfit The B&l! Anti-aircraft Height Finder 


Here Are the Eyes of Victory 


Allied might is rolling up a smashing 
record of individual victories that point 
to evermore-imminent total victory. 

The way in which American indus- 
try supports its fighting men is astound- 
ing our allies and confounding our 
enemies. In the production of war materiel, industry and 
science have cooperated to make our hard-hitting forces 
the most completely equipped in the field. 

Optical science has made and is making its contribution 
to this production record. In fire-control—in aerial recon- 
naissance—in improving the vision of fighting men and 
production workers—in inspection instruments that make 
possible the precision our weapons demand — optical 
science provides the “Eyes of Victory.” 

Because Bausch & Lomb was prepared with manufactur- 


ing facilities (including its own optical glass plant) and a 
personnel highly trained and experienced in optical 
science, an otherwise certain shortage in vital optical 
equipment was averted. 

As long as American men are fighting, Bausch & Lomb 
will continue to center its efforts on military needs. After 
that, Bausch & Lomb knowledge and capacity will again 
be devoted to making life better through optical science, 
optical instruments and optical methods. 


BAUSCH & LOMB 


OPTICAL CO., ROCHESTER, N.Y. 


EST. 1853 


Makers of Optical Glass and a Complete Line of Optical Instruments for Military Use, Education, Research, Industry and Eyesight Correction and Conservation 
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Ows 2 O YEW of geophysi- 


cal surveys and interpretations in fields throughout 


the world will be of inestimable value in mapping 


your course of future oil development. 


GEOPHYSICAL 
ENGINEERING CO. 


SEISMIC-MAGNETIC-GRAVITY SURVEYS 
San Antonio, Texas, U.S.A. 
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Instruments for Exploration 
Seismic Recording Apparatus 
Petroleum Reservoir Evaluation Equipment 


BUILT BY 


ARE NOW AVAILABLE FOR IMMEDIATE oe 


A-3 Explorer Jr. Portable Retary Drills Recording Trucks—Standard Shooting Trucks 
M-5 Truck Mounted Drilts Type Recording Traiters 
Drill Tenders Type. Dynamite Trailers 


PETROLEUM RESERVOIR EVALUATION QUIPMENT 


Subsurface Pressure Recording Gauge 
High Pressure Subsurface Sampler 
Subsurface Recording Thermomete 

qui 


In use throughout the oil fields of the United States, Latin 
America and foreign fields of the world, E. L. |. supplies out- | 
standing equipment for the discovery and evaluation of | 
petroleum reserves. Standard and Special-Built Equip- : 
ment can be supplied to meet your individual requirements. i 
Inquiries to the Sales Division will receive immediate 


attention. 
M-5 TRUCK MOUNTED ROTARY DRILL 


CONSULTING ENGINEERS & MANUFACTURERS 
602-624 East Fourth Street Tulsa 3, Oklahoma, U. S. A. 
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REED 
Kor - King 


CONVENTIONAL TYPE 


CORE DRILLS 


THE SLUSH LUBRICATED, OIL PROOF NEO- 
PRENE BEARING IS A REED KOR-KING FEA- 
TURE, PERMITS THE USE OF A FULL FLOAT- 
ING INNER BARREL, ELIMINATES BEARING 
TROUBLES AND ASSURES CONSISTENTLY 
DEPENDABLE PERFORMANCE. 


REED 
"BR" Wire Line 
CORE DRILLS 


FOR INTERMITTENT OR CONTINUOUS COR- 
ING. THE PROTRUSION REGULATOR SPRING 
PERMITS RETRACTION OF THE CUTTER HEAD 
INTO THE DRILLING BIT WHEN THE CUTTER 
HEAD IS FIRST SET ON BOTTOM AND ASSURES 
A HIGH PERCENTAGE OF UNCONTAMINATED 
CORE IN EITHER HARD OR SOFT 
FORMATIONS. 


REED ROLLER | BIT COMPANY. 


P. O. BOX 2119 HOUSTON, TEXAS 
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ILING 


Victory—whether on the battlefront or 
the homefront—results from teamwork. 
In the Oil Industry, men and equipment 
are on the job ’round the clock, working 
together to provide the unprecedented 
quantities of petroleum products needed 
to oil the war. 
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THE WAR 


Hughes Rock Bits, Core Bits, Tool 
Joints, and other specialized drilling 
tools are basic equipment in the pro- 
duction of oil, and are being manufac- 
tured in ever-increasing numbers to 
meet the needs of the Oil Well Drilling 
Industry. 


| i 
| 
| 
5 
i 
| 


